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(57) Abrégé/Abstract:

A vehicle control and gateway module comprising an electronic control module controlling one or more vehicle systems, a vehicle
communications bus, a wireless communications module, an electronic gateway module acting as a translator of "information
between the vehicle communications bus and the wireless communications module, and a software program, whereby an operator
using a remote mobile device can send and receive wireless commands to and from the vehicle with the electronic gateway module

translating messages from one data protocol to the other as required.
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Abstract

A vehicle control and gateway module comprising an electronic control
module controlling one or more vehicle systems, a vehicle communications bus,
a wireless communications module, an electronic gateway module acting as a
translator of "information between the vehicle communications bus and the
wireless communications module, and a software program, whereby an operator
using a remote mobile device can send and receive wireless commands to and
from the vehicle with the electronic gateway module translating messages from

one data protocol to the other as required.
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METHOD AND SYSTEM FOR MANAGING THE HAND-OFF
BETWEEN CONTROL TERMINALS

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0002] The present invention relates generally to a material flow monitoring and equalization
system, and more particularly to a system for measuring and balancing the flow of seeds and/or other
material through an air seeding system using acoustic sensors and adjustable flow restrictors. This
invention also relates generally to certain new and useful improvements in vehicle control, and, more
particularly, to a control system allowing wireless access to and control of a vehicle’s subsystems.

2. Description of the Related Art
[0003] The general principle of an air seeding system is to dispense seeds and/or other particulate
matter (fertilizers, herbicides, etc.) from a hopper or other container into a moving flow of air, where
the moving air will carry it through a series of branching tubes to a point where it will ultimately be
deposited into the soil. The particulate matter is typically metered in a controlled fashion as it is
dispensed from the hopper, allowing the total rate of material distributed to be controlled. However,
once the material leaves the hopper, it is difficult to determine precisely which portion takes which
specific path through the branching network of tubes to eventually make its way to the end of the seed
tubes and be placed into the soil. An air seeding system represents a complex fluid dynamics
problem, in which a single initial flow of air and suspended particulate material may be continuously
divided and redirected through multiple tubes to manifold towers where it is then split off into
branching seed tubes of varying lengths to a point of eventual discharge into the soil. Sharp turns,
bends, and forks in the distribution tubes cause restrictions on the material flow, and make balancing
the system for even seed and particulate dispersal problematic. A modern air seeder may plant well
over 100 rows of seeds simultancously. If a partial or full blockage develops in one or more of the

particulate flow

Date Regue/Date Received 2021-08-23
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iculate flow) increases proportionately in the remaining tubcs,

tubes, air flow {and, therefore. par
further complicating the balancing problem.  To optimize the distribution of matcrial and
maintain an cven balance of distribution, an alr seeding system nwst employ some type of
particulate flow monitoring system which measures the amount of particulate material flowing in
the distribution rabes (the particolate flow path), a means by which the flow may be adjusted so
that an operator can balance the system prior to fleld use, and a means to detect particulate flow
disruption or blockage during use should ficld conditions cause the system to become
unbalunced.

{3004] It should be noted that the torm “blockage™ will be used geacrally throughout the
specification fo refer o cither a fufl and a partial blockage in somce part of the air seeding systeot
A partial blockage will stili allow some amount of air and material to flow past i, but will reduce
the flow noticeably. A full blockage will not allow any material to flow past it (although it may
be possible for a small amount of air to leak past a full blockage:.

{6005} Seed monitoring systems do exist io prior art. One type of seed monitoring sysiem
uses optical sensors which detect changes 1n the amount of light being received from a light
sowirec s seeds and other particles pass between the light source and a sensor, blocking Light that
would otherwisc impinge on the senser. The atwnuation of the light received is related to the
amount of material passing through the beam. These optical sensors are subject o a number of
probiems particular to the technology. One such problem is caused by the non-uniformity of the
intensity of the light beam used to sensc the particles moving in the tube. H the beam intensity is
not uniforny, and two differeot but identically shaped and sized particles move through differcnt
parts of the fight beam, they will produce different results to the receptor, even though they are
identical particics. Hence, the amount of material passing in the whe is not dircetly correlated o
the amount of light that rcaches the optical senser, which can result in an incorrect determination
of the actual amount of material passing in the tube, In addition, the optical sensors may vot be
able t detect at all certain muterial that is moving through locations in the seed rubes that are not
covered by the beam. Atterapts 1o create more uniform or more complete hight beams w correct
these problems have been inadequate or overly complex. As a reselt, although in optimal
conditions optical sensing systeras may work well in detecting total tube blockage, they are not
very offective in measuring overall material ow, particularly in situations where a great deal of
marcrial is flowing in the tbes.

{30066} Optical-based seed monitoring systoms are also susceptible to problems in normal

use caused by a build-up of dust and other forcign matter that can be found fsside an air seeder,
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Cften this build up is gradual, causing the sensor to fose calibration over fime, becoming Iess
capable of accurately detceting material flow. This build-up can ultimatcly block sensors andior
light sources curapletely, causing the system to determing that a large wmount of material is
moving through the seed tube, or that a blockage has occurred.
14007} Aprother source uf inaccurate readings in an optical seed monitoring system is that
when two or more particles bappen to line up in such a manner that an imaginary line drawn
between them is paraile] 1o the axis of the beam of light from the wansmitrer to the rovciver, une
particte can veclude another, vausing them to be read as a single particle instead of mulkiple

rticle as

particics. In other words. onc or more particlcs can hide in the shadow of another p
they pass through the bean: and net have an offoer un the quantity of the light reaching the
sensor, adversely affecting the ability of the seuxor to accurately measure maresial flow. Fasther

compounding this problem is that not all particles are uniformly shaped (i.c. sphericall. An

example of one such particle is 3 wheat sced, which is more or less cytindrical in shape. Sucha
particle will occlude the beam of Hight 10 a greater or lesser extent, depending upen the
orientation of the seed as # passes through the Hight beam. As a result, it is gencrally not possible
to telf with a reasonable degree of accuracy the amount of material moving past an optical scasor
in an air sceder.
{8008} Anuotber type of mareriad flow monitoring systom uses a piczoclovtric sensor that is
placed into a seed tbe such that the moving pasticles strike the face of the sensor. When a
particle strikes the piezoelectric sensor, the sensor is momentarily deformed, causing the sensor
to generate a small clectrical charge. The magnitude of the clevirical charge s deteeted by an
electroniv circuit and the parricle is counted accordingly.
{80069} However, piczocleetric sensors have a number of characteristios that can limit their
uscfulness when used in an air sceding application or other similar harsh cnvirenments, The
sensors are high tmpedance and hence susceptible 10 interference by strong voltage fickds in the
environment. This characteristic demands that the sensor be placed close to the detection cireuit
i order to minimize the effects and occurrences of these fields.  This is particularly a problem

ihzer and other

in an envivenment like that of an air seeder, where collisions of seeds, dost, ferti

particies generate a large amount of static electricity, and where high electromagnetic ficld

strengths are Bikely. Placing the sensing clectronics in these arcas, as dictated by the o
placc the high im [)\,ti'iﬂt,v piczoclectric sensors close 10 their cleerronic discrimination circuitry,

exposes them to premarure fathure as a result of eleetrostatic discharge and cireuit overvoltage.
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{3018} Ancther problem with pieroeiectric sensors is that the crystal is prone to damage by

cracking if overstressed. Beeause it is desirable to produce a signal strong cnough 1o overcome
the background noise inherent i an air sceding system, and because the amplinude of the signal
generated by the sensor is directly proportional to the deflection of the crystal. piezoelecric
sensors are often placed such that maximum deflection of the crystal is achieved, which requires
location directly in the path of the material flow such that some material will surike the sensor
pad with maxinmuam tmpact. Being so placed, the piczoclectric seusors are subject to damage
through impact and abrasion in being stuck by numerous, large. or fast moving particles in the
air strcam (small stoacs, for example} over a prelonged period of dme. Furthor complicating
maters, even though these sersors are placed directly in the path of material tlow, they are
characteristically struck by a relatively small portion of the toral material flowing in the sensor
wibe, and hence are incapable of accurately measuring the total amount of material flowing in the
tinc duc to the refatively small amount of material that acwally sirikes the sensor.
{0811} fn yet another embodiment, the piczeclectric xensors are designed such that a pin s
attached perpendiculur to the surface of the sensor. Tu this design, the pieroelectric erystal is not
placed directly in the path of the material, which helps to mitigate damage which may be caused
v material dircctly striking the pierecicctiic material, This implemeniation is farther beneticial
s that the magnitude of the cutput signad of the sensur is amplificd by virtue of the lever arm
that is formed by the distance from the puine of frepact of the material on the pin 1o the surface of

i} to which it is attached. However, a major drawhack of this

the piczocicetric mater
implementation is that material ofton gets lodged in the sensor tbe because of the pin
vbstructing a portion of the flow path. Another serious drawback of this design is that the pins
often fail after a period of usce due to being repeatedly struck by the particles in the air stream.
These sensors also fail to acearatcly measure the amount of material flowing in the line because
only very smal amount of the material actuaily strikes the pin.

16012} Yet another drawback to currently deployed piezociectric sensor based systems, or
any prios art system that places electronic sensors in or pear to the stream of matenial, is that thev
equire that the electronics associated with the seosors be replicated in every focation where the
sepsors are installed. With current state-of-the-art air seeders employimg a bundred ot more
tubces, the cost ef these sensurs, it deployed i every wibe, can become a significant mmpediment

to the deplovment of the sysiom.

16013} I an attempt fo save system costs, saue air seadding syetems will place sensors in

only a sroall percentage of seed tubes and use those sensors to estimate the overalf performance
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ot the muachine. An cxample of such a system b a material ffow monitoring system that uses
piczoclortric sensors mountod on wp of sccondary distribution manifolds in an air sceder to
estimare the amount of material flowing inte the manifeld, Inrthis combodiment, a piczoeleeiric
sensor is caused to vibrate when material striking the inside top of the distribution manifold
creates vibrations which are ransmitted along a mounting bolt into the sensor. The principle of
operation is that the amount of vibration transmitted up through the mounting bolt is divectiv
proportional to the amount of material striking the manifold rop. The assumption is that, if a
material distribution Hne leaving the distribution manifold becomes blocked, the amouat of
matcrial entering the manifold will deercase, causing the nuisc generated to decrease, which will
tndicate that a line is blocked.
[BB14] However, this system suffers from a number of serious shorteorings, principal of
which is the lack of sensitivity of the sysiem 1o partial blockages, whereby the flow to an
ndividual tabe may becoms partially restrivted without substantially changing the total material
flow into the distribution manifold: inasmuch as aitflow and hence material flow will incroase in
the remaining distributon lines should one ov more distribution lines become partiatly blocked.

Another shortcoming of this system is that the amount of signad presenied o the sensor can be

highly variable from one manifold to the noxt on a single machine with multiple manifolds.
Inaspruch as this systom uses & conuuon “sense fine” andl heoce a conunon blockage sensing
threshold, the level at which the system must be set b order 10 operate without causing blockage
alarms must necessarily be less than the least sensitive node in the system. Therefore, the system

can operate without slarm should a s.,wmiury distribution line become blocked or parfially

blocked i a manitold with a higher threshold requirement. Additionally, since this system is
designed as a blockage monitoring system, it lacks buth the semsitivity and granularity to be uscd

as a material flow measurement system. Finally, this system, and others fike it that do not usc a
sensor in each final rup, are incapebic of being used to help balance the flow of material across
the final distribution runs of an air seeder system.

tem 1s the

[6615] An important meteic for measuring the balance of an air seeder 5

“Coefticient of Variation.” “Casfficient of Vartation,” or 'V, is a technical rerm used 1o
deseribe the variability in the metering and disrribution of naterial from the seed hopper
throughout the sced ubes and into the soil. The OV is exprossed s a pereentage differon
benween the various final scod runs {known as “secondary sced tubes™) across the width of a

sceder. The Prairie Agricultural Machinery {ostirute has published goidelines for OV values as

its basis fur rating the aniformity of dsrribution for seeding implements. These guidelines
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describe the rating seale as: a OV greuter than 15% is unacceptable, a OV between 190% and 15%

s acceptable, and a UV {oss than 10% is good.

{8416} if there is not a sensor capable of measuriog material flow i overy secondary seec
whe, the only mwethod of determining the TV for an ajr seeder is to nm material through the
system, collect the output of each of the final distribation tubes in separate containers, weigh the
containers and compare their weights. This is ebviously a labericus process which may have to
be repeated mulaple times as an individual is attompting to balance a system.
{08174 Fven it sensors described in prior art are used in every secondary seed tabe on an air
sceder, these sensors are not, for the most part, designed to measure material flow, but rather are
designed 10 detevt fack of marerial flow (blockage). Assuming these sensors could be used
accurately measure material flow, there sul is cutrently no efficient way of balancing the outputs
of these tubes based on the data from the sensors. Some abr sceding systems utilize hinged
diverters or baffles at a branching point in a tube to direct more or fess air flow down one of the
two branches, but this can only affoct the flow of the two branches of that particolar rabe in
clavion to each other, and does vot correct any imbalance which may exist further downstream
168 the sysicn.
{6018] Agethor problom comenon to all modern air sceders i the severe cavironmental
conditions under which the cquipment must operate. These conditions inclade exiremes in
vibration, dust, temperature, homidity, shock and mobsture. As a consequence, electrical and
cieetromics components utifized in these systoms musi be very robust or risk promature faihwre. It
iy undesirable w introduce componests into this environment that by virtue of their electrical
complexity are prone to failure. Unfortunately, that is precisely the sinsation with many of the
flow monttoring systems in usc today. Monitor systems of the present art. for the most part,

cmploy sensors which arc unigucly powered and addressed, resulting in hundreds of connections

which are prouc to failure due to the severe environmental condittons under which they must
operate.
{8319} What is needed in the art is an inexpensive but accurate method of sensing and

measuring the material flow inevery secondary seed tube on an air seeder sirmultansously, as

well as a means for controlling or changing the aw flow in cach mdividual sced wibe on the
implomoent bascd on duta derived from these sensors so as o property balance the svstem and
attain aptimum sced usiformity.

16028} Muodera vehicles are generally operated with relatively sophisticated controf systens,

including digital processors and other clecironic components. Such control systens typically
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nchude monitors and other user tnterface devices for enabling operators to monitor and controel
operations. Designing and munufacturiog monitors and other interface devices for retrefitting on
existing equipment can be challenging duc 1o the wide variety of cquipnient systesws and
functions which must be accommwdated, For example, tractors, implements and other
equipment commonly used for agriculture typically have specialized monitoring and display
requircments associated with their operations. Cultivating, planting, sprayving and harvesting
operations are commonly monitored and controlicd with special-purpose devices for maxinizing
crop vields and optirmizing equipment wsage cfficiencies. Various OEM and after-market
systems and devices are commereially available for these purposes.
{921 Some atempts have been made to address these chalienges by decentralizing the
display intelligence and moving the processing power out to each vehicle and/or implement, and
then creating a “dumb display” that can accept industry standard messages from vehicles and
implements which contain display direciives. "Virtual ferminals” mecting industry-standard
protoce! requirements and compatible with various vehicles and implements are conunerciaily
avatlable, but are often subject to cost, performance and nstallation disadvantages. What 1y
necded i the art is a mothod and system fur controlling vehicles and impicments and displaying
information therefrom using incxponsive wirckess mobife devices. Operators can move the
mobile devices to alternative locations, including outside the vebicles, while stiif using the
mobile devices for vehicle controls, moniters and displays. Operators can use the wireless
nctworking capabilitics of the mobile devices to tic inte any number of external, thitd-party
applications via cloud server mterfaces.

SUMMARY OF THE INVENTION
{8922 {n accordance with the teachings of the presont invention, a pardeulate flow
measurcment, monitoring and balancing systom is disclosod. The systom has a particular use for
moniroring and measuring the particuiate flow in a pucumatic system such as an air seeder, such
particolate flow consisting of seeds, fertilizer, or a combination of both seeds and fernlizer; and.
based upon data derived from sensors in the system, provide a means to simply and effectively
balance the material flow being dispensed by a plurality of seed tubes so as fo affect uniform
distribution of the material across the field. Each system consists of a plurality of discrete
sensors placed in the particulate How wibes such that the signals reecived are analyzed by a
computational means, the data from which is tansmiued to a central operator interface.
16923} Each discrete sensor consists of an acoustic sensing means which is placed wvo the

flow of material such that substantially alf of the particulate traveling in the whe strikes the
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sensing means. In striking the sensing means, the particulate undergoes a change in momentum
resulting in an impulse of energy being transferred from the material into sound power. The sound
power is directed by an acoustic pathway onto a MEMS microphone, the output of which is digitized
and analyzed with respect to energy and frequency. Numerous acoustic pathways are directed to a
single computational means, thus reducing the complexity of the system and the number of required
electrical connections.
[0024] An operating system can consist of one or many computational nodes and one or many
discrete sensors. Each node will be capable of communicating with each other node and with a
master operator interface node on a system by wireless means.
[0025] A new vehicle control and gateway module will be described. The invention described
herein is centered around an electronics module called the gateway module, which acts as a bridge
between the proprietary communication busses standard on a vehicle (such as those commonly seen
on commercial agricultural and construction vehicles, including the standardized communication
busses used for operator displays in the vehicle), and various external, remotely-located wireless
networks (including but not limited to personal area networks, local area networks (LANs), mesh
networks, wide area networks (WANSs), metropolitan area networks, and cellular networks). The
gateway module receives messages from one system (from one or more of the vehicle busses or from
one or more of the off-board wireless networks), interprets the message, translates it into a form
appropriate to the receiving system, and transmits it to the receiving system seamlessly. This allows a
mobile device to access data from the vehicle as needed, or even to be used as a controller for the
vehicle. It also allows an application programming interface (API) to be created that will allow an
external, web-based application to access and use vehicle-generated data (such as vehicle service
information, vehicle or implement status, seed or chemical quantity, etc.).
[0025a] In a broad aspect, the present invention provides a system for controlling dynamic
equipment, which system comprises: a first control terminal including a first display; a second control
terminal including a second display; an electronic control module including a first connection to said
first control terminal and a second connection to said second control terminal; said electronic control
module being connected to said dynamic equipment and adapted for receiving control signals from
said first and second control terminals and controlling and monitoring one or more functions of said
dynamic equipment in response to said control signals; a software algorithm hosted on said electronic
control module and adapted to manage the handoff of control of said one or more dynamic equipment
functions between said first control terminal and said second control terminal; wherein said first
control terminal is mounted on or within said dynamic equipment; and wherein said dynamic
equipment includes an agricultural vehicle and an agricultural implement connected to said vehicle,
said first and second control terminals being configured to control and monitor said agricultural

implement.

Date Regue/Date Received 2021-08-23
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BRIEF DESCRIPTION OF THE DRAWINGS
[0026] FIG. 1 shows a side view of a typical air seeding system being pulled by a tractor.
[0027] FIG. 2 shows a cutaway vicw of onc cmbodiment of an air sccding system.
[0028] FIG. 3 shows an example of how the primary seed tubes bring seeds to the secondary
5 manifolds, which in turn branch the flow of material into several secondary seed tubes.
[0029] FIG. 4A shows a stand-alone, cutaway view of an acoustic sensor of the present
mvention.
[0030] FIG. 4B shows a cutaway view of the mounting of an acoustic sensor of the present

invention, showing how the sensor interacts with and detects seeds.

Date Regue/Date Received 2021-08-23
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{8831} FIG. 34 shows a block diagram of a blockage monitoring node of the present
invention,
18832} FIG. 3B shows a cutaway view of une embodiment of the connection between the

wansmitting hose and the microphone mounted inside the blockage monitoring node.
{0833} FIG. 5C shows a side view of the blockage monitoring node of FIG. A inuse as it

would be mounted and connccted 1o the acoustic sensors of the present invention.

{0834} FIG. 6 shows a porspective view of an air flow restrictor as used in the present
mvention.
{6935} FIG. 7A shows an altornative embodiment of the acoustic scrsor where the air flow

restrictor of FIG. 6 is builf into the acoustic seusor housing.

8836} FIG. 7B shows the alternative embodiment of the acoustic sensor from FIG, 7A with
a cutaway view of the air flow restrictor.

{6637} FiG. 7C shows the cutaway view of the air flow restrictor from FIG. 78, but with the
restrictor shell righrened such that the rosmictor fingers are squeered more tightly fogether.
{B038] FIG. % tHustrates how the blockage monitoring nedes of FIG. 5A communicate
wirclossly with a handheld computing device, which may be used as both 4 system display and
control device,

{6839} FIGS. 9A through 9E show vartous examples of user interface sercens that might be
used on the handheld computing device to configure and operate the system.

{6044} FIGS. 10A, 108, and 10C iHhustrate how the blockage monitoring nodes of the
present invention can conwnunicate wirclessty with cach other, as well as with z remore
miormation display.

{3941 FIG. 11 shows a functional bloek diagram of the wirciess-to-senial node shown i
FIGS. 108 and 18C.

10042] FIGS. 12A and 175 illustraie one embodiment of an algorithm 6 determining when
an air seeding system using the present Invention is stopping or marning arcund at the end of a
field, allowing the blockage alarms to be disabled 1o prevent false alurms.

8843} FIGS. 13A and 13B show two possible embodiments of an algorithm tor balancing
the output of an air sceding system using the present invention.

{6944} FIG. 14 shows one embodiment of an algorithm for creating 4 sound power ostimate
using the acoustic scasors of the prosent invention.

{B45] FIG. 15 is a software architcoture diagram showing the various tayers of software

resident i at foast one embodiment of a vehicle gateway module.
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{046} FIG. 16 s 2 high-level hardware block diagram illustrating the physical hardware

componcnts of at least one embodinent of a vehicle gatoway modulc.

10447] FIG. 17 15 a system architecture diagram showing one embodiment of & vebicke
gateway module interacting with other components in the system.

{6848} FIG. 17A s a use case diaggram showing possible interactions between a hard-wired
display and one or more mobile devices, as well as the buman operator, when the mobile device
is 0 be used as the primary system display.

{6949] FIG. 178 is a second use case dlagram showing possible interactions between a hard-
wired display, onc or more maobile deviees, and the human operator, but with the mobile device
now acting as the primary display.

{8058} FIG. 170 is a state transition diagram for one embodiment of an applicerion for
managing the handotf among a hard-wired display and one or more mobile devices.

jeast] FIG. 17D is a block diagram showing how an exiernal device might request and be
granted control of subsystems on system of which it is not 2 pan,

{6052 FIG. 17E shows & table describing possible security modes in which the system of
the present invention might operate, granting corain privileges to system actors bascd un pro-
defined conditions or scenarios.

{6953] FIG. 18 is an oxample embodiment of an application interface for an eperations
schedaling tool for use with the vehicle control and gateway module of the present invention.
j8054] FIG. 19 is an cxampie embodiment of an application interface for an operations map
oo for use with the vebicle control and gateway module of the present invention,

{B0S5] FIG. 20 is an example embodiment of an application interfuce for an impleroent
information tool for use with the vehicle contrel and gaweway module of the present invention.
{8056} FIG. 21 Is an oxample embodiment of an application interface for a virtual dashboeard
display for usc with the vebicle control and gateway module of the prosent invention,

{86571 F1G. 22 is an exampie embodiment of an application interface for a blockage monitor
wol for yse with the vehicle control and gateway module of the present tnvention,

{8058] FIGL 23 is an example embediraent of an applivation inferface for a meter rolf

application for use with the vehicle control and gateway module of the present invention,

10959] FIGS. 24A and 248 arc a schematic diagram of an air sceder and liquid applicator
control system embodying an altemnative embodiment or aspect of the present invention,

DETAILED DESCRIPTION OF THE PERFERRED EMBODIMENTS
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L Introducson and Environment
|8068] As required, detailed embuodiments of the prosent invention are disclosed herein;
however, it is te be understood that the disclosed embodiments are merely exemplary of the
invention, wiich may be embodied in various forms. Therefore, specific structural and
fanctional details disciosed herein are sot to be interpreted as limiting, but merely as a basis fur
the claims and as a representative basis for teaching one skilled in the art to variously cmploy the
present invention in virtually any sppropriately dewiled structure,
{0861} Certain terminology will be used in the following description for convenience in
reference only and will pot be limiting. For example, up, down, front, back, right and left refer
to the invenrion as oriented in the view being reforred 1. The words "inwardly™ and “cutwardly™
refer to directions wward and away from, respectively, the geometric center of the embodiment

being described and designated parts thereof., Said terminology will include the words

specifically mentioned, derivatives thereof and words of similar meaning,

1. Air Seeder Monitoring and Equalization System and Method

{6062} With reference now to the drawings. and o particular to FIGS. 1 through 14 thereuf,
a new atr seeder menitoring and equalization system embodying the principles and concepts of
the present mvention will be deseribed.

{64963} FEG. 1 shows z side view of a typical air secding system being pulled by a rractor,
which iliustrates a typical system on which the present invention may be employved, and to
provide a comtext for the present invention. A wactor 100 is towing an air secding system 140,
The air sceding system inchuades a tool bar 160 and av atr cart 120, and is connected 1w the tractor
by atow bar 102, 1t should be noted thut the configuration and detsils of the system shown in
FIG. 1 arc meant to be exemplary, and the actual system may vary in the exact configuration and
compononts. For example, in some configurations, the position of the air cart 120 and the tool
bar 160 may be reversed, such thar the air cart 120 tows the toul bar 169,

{8064} While the exact configuration of the system shown in FIG. | does not limis the
present ivention, certain components of the system should be highlighted for clarity. Additional
derails on the configuration and operation of the st seeding system are provided in FIG. 2,

which will be discussed shortly. The alr cart 120 consists of one or more hoppers 126 which
cottain the matcrial that is to be dispensed into the soll during operation. The matcerial to be
dispensed may be a particulate, which may consist of any particies suitable for achioving the
purpose deseribed herein, such s soods, graius, herbicides, fortilizers, chemicals, exc., or any

combination thereot, however, for the purposes of this discussion, the material will be referred o
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generically in the text of this specification as sceds. Any operations described herein in
reference to seods may alse be applicd to any other appropriate particelate or combination
without changing the inventive concept.

{6065} It is important to note thar the aiv cart 120 may acmally have more than one hopper
126, and that each hopper 126 may contain a different type of material. For example, one hopper
may include seed and a second hopper may contain fertilizer or other chemicals, It is also
possible that the air seeding systorn 140 may fiscif include more than one air cart 1290, with cach
air cart 120 potentiully holding a different type of material. The exact number of ait carts 120 in
an air seeding system 140, as well as the cxace number of hoppors 126 per air cart 120, can vary
within the scope of the fnvendion presented bercin

{68651 A fan §22 15 connected to the air cart 120, and is used 1o introduce a flow of ait into
the implement which is used to carry seeds throughout the system. In general terms, seeds are
dropped into a primary manifold 124 from the bopper 126, where they enter into the flow of air
provided by the fan 122, The seeds flow from the primary manifold 124 to the primary secd tube
144 10 secondary seed tubes (not shown in FIG. 1) distributed throughout the tool bar 160, The
air and sceds flow through the toul bar 160 and arc deposiied inte & furrow dug in the ground by
cpeners 148, The opencrs 148 are blades which cxrond into the sotl, and ercate furrows for
holding the sceds as they are drawn threugh the ground. As the tractor 00 and air sceding
System 140 contivue forward, the Rurows created by the openers 148 are pushed shut by closers
146, covering the dispensed seeds with soil.

{6067) Referencing now to FIG. 2, a cutaway view of u portion of the air sceding system

140 is shown, detailing the path of seeds and particulate flow through the systern. As with FIG.
L, FIG. 2 is intended o show an exomplary system o outline the functioning of a typical air
scoding system, and is not meant to be limiting in any way. Various changes to the configuration
aad components of the system can be made without affecting the overall inventive concept
presented herein,

{6068} For the example embodiment of an air seeding system shown in FIGS. | and 2, we
will use the terms “primary” and “secondary™ to indivate a component™s relative position on the
cxample air sceding sysiem shewn. In this example, seeds leaving the hopper first enter into a
primary manifold. where they are divided into one or more primary sced tubes. The primary

sced tubes carry the seeds away from the air cart and onto the tool bar, whers the primary seed

tubes exch flow 10 a secondary manifold, where the flow of material is once again Jivided.

From cach secondary manifold, the seeds flow into seeondary seed tubes, and eventally dows
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into the furrow being made in the ground by the openers on the air seeder. It should be noted
that the oxact configuration of the manifolds and secd mubes is not eritieal to the key inventive
concepts presented herein, and that the present invention will work on any configuration of abr
seeder. What is crmical to the inventive concepts presented herein is that the amount of material
flowing through each of the final seed rung in the system, just prior o the seeds leaving the
machine and flowing info the earth below, is sensed as described hercin. o the example system
presented in the figures contained herein, these “final sced runs™ are referred to as sceondary
seed wibes, but they could be called by another name 10 another systemn. This example systent is
turther desceribed, with the appropriate reforence designators, in the following toxe

{6869} The air cart 120 includes a hepper 126 which holds vhe seeds 121 10 he dispensed by

the implement. The seeds {21 are released from the hopper 126, falling into a conduit 127 that is

connected to the rest of the system. As the seeds 121 pass inw the conduit 127, the rate of their

flow is controlled by a metering system 123, The seeds 121 fall through the conduit 127 into the
primary manifold 124, where they are introduced to the flow of air produced by the far 122, The

&

fan 122 15 connected to the primary manifold 124 by a hose 12
{B8078] The seeds 121 are propelled out of the primary manifold 124 by the flow of air and
cotee oo one or more primary sced tubes 144, From the primary seed ube 144, the sceds 121
travel into a secondary manifold 142, where the flow of sceds 121 s split or branched 1o several
directions and directed into a plurality of secondary seed nibes 162, The secondary seed tubes
162 then deliver the seeds 121 down info and behind the oponer 148, where the seeds 121 falf
down into the furrow in the ground created by the opener 148, Block 161 ia FIG. 2, showa in
the location between the secondary manifold 142 and the secondary seed tube 162,15 one
possibic location for the sensor und restrictor components deseribed b detaif in FIGS. 3 through
£

16071] FIG. 2 illustrates & singie path through the system frem the hopper 126 f0 an opener
148, To berter ilusrrare how an air seeding system represents a complex fluid dynamies
problem, it 18 helpful to describe the flow of material through an air seeder. FIG. 3 shows one
example of an air seeding system which can seed up 1o inety-six rows simoltancously, An air
seader with ninety-x1x rows is a common configuration, and modern air seeding systems may
have more than onc hundred rows. For the example air sceder shewn in FIG. 3, ealy certain
componcnts arc depicted o show the flow of material through the system. For nincty-six rows,
this cxarople system uses cight primary seed rwbes 144 supplving a flow of material o cight

secondary manifolds 142, Each of the eight secondary mamifolds 142 then split the flow of
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matterial into twelve separate secondary seed wbes 162, I FIG. 3, only 2 portion of each of the

secondary socd tubes 162 is shown (in dashed lincs} to simplify the drawing. In reality, cach of
these niety-six seeondary seed fubes 162 will flow out onto the toot bar 160 and down inte cach
of ninety-six openets 148, where the flow of seeds 121 will be injected into the cosresponding
furrow.
{68721 As iflustrated in FIG. 3, the length of the primary seed tubes 144 will vary,
depending on which secoudary manifold they are routed to. The primary sced tubes 144 are
routed ever the structure of the tool bar 180, and may cach have dips and bends where the flow
of sced material can be slowed or otherwise disturbed. The seeondary manifolds 147 are
typically raised on towers, and the primary seed rubes 144 rise up info the towers, causing the
flow of marerial 1o flow straight up, divectly against gravity, Within the secondary munifolds
142, the flow of material is branched in twelve different directions (in this example), and foflows
the air flow into the sccondary seed tubes 162, Similar to the primary seed twbes 144, the
secondary seed rubes 162 must alse be roured from the secondary manifolds 142 across the
structure of the tool bar 160 and into the furrows behind the openers 148, The How of air created
by the fan 122 {5 spht ninety-six times {in this cxamplc), and cach branch of this flow has a2
different geometry and Icng!h. creaiing different impodiments to the flow of air and aitbome
matcrial and henee completely different flow characteristies. Creating a system in which this
flow of material is balanced with it of the flows coming into the openers 148 on the system are
cssentiaily the samie, is an extremely ditficult task. The present invention provides an
Inexpensive yet accurste particulate flow monitor and a method of balancing the flow of
particulate throughout the entire particulate flow path of & preumatic systent, such as an air
scading system.
{6873} Throughout this specification. varivus terms may be used interchangeably to describe
the present mvention. As previousty discussed. the term “seods”™ will be used gencrally to cover
any type of particulate {that is. a material made ap of particles ur droplets) that is flowing
through a system. Although the examples given herein primarily represent an air seeding
syster, the same inventive concepis may be applied w any particulate flow system in which
particies or droplets of material are pushed through the systers by a flow of sir. Boecause the
systems being described are based on flowing air, the term “pncumatic system” may be applicd
to these particulate flow systoms. In geaeral, the term “pacumatic™ means filled with air,

especialty compressed or forced air,
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{0874 The detatied description describes various emmbodiments and features of a particulate

flow monitor, or stiaply flow monttor, which, for the purposes of this description, 15 a means of

sensing the amount of particulate matter flowing through a pncumatic systeot at a given finc,
Other terms for a particulate fow monitor may inclode “seed How moniter™ or “material flow
monitor.”

{8675} One inventive component of the present imvention is an acoustic seasor, also referred
o as an acoustic fransducer. The purposc of the acoustic sensur or trassducer is to franstorm the
sound waves generated by the flow of particulate material in a preumatic system joto electrical
signals representing the amount of particuiate flow through the flow paths of the pncamatic
system. Sound waves are ereated by the vibrations of an object in air, which causes the air to be
compressed in waves or bupulses. The gcoustic sensor detects the pncumatic tmpulses created
by particulate striking the face of the acoustic sensor and directs them into an internal

snals o be interpreted by a

sformed into clectrical §i

microphone, where the impulses arc
provessor,

{3076} For the purposes of this discussion, the term “processer” or “controller” s used ina
gencral sense to deseribe clectronic and/or software means for processing signals andior data
zenerated by a systemy, amd mray refer {0 @ mMICroprocesser, a MICIoUCPUICT, OF @ SCparate
computer system. A processor may be part of an “electrical signat gencrator,” which is 4 module
or coflection of moduldes or functions that interpret data items or events (such as pneamanc
impulses) and ouiput electrical signals represcnting the data items or cvents,

{8077} The prosent invention also provides a means of displaying or outputting the clecrrical
signals and/or the information they represent. This may be done using a direct mounted
computcr monitor (that is, a display built in or dircetly wired into a velucle or application) or on
)

3 handheld computing device, The torm “handheld computing device™ s intended to gencrally

refer to any type of casily portable computing platform that dues not require beisg directly wited
into @ vehicle or applicarion. One example of such a device is the iPad manufactured by Apple.
Inc. Other examples may inclode a laptop computer, a tablet compuier, or even a personal
cetlular phone with sufficient processing and displaying capabilitics.

now be deseribed in additional detai] in the fellowing rext

{60781 The present invention w
and the remaining figures.

{3079] Refercacing now to FIGS. 4A and 4B, an cmbodiment of an acoustic sensor ascd for
detecting the amount of seeds and marerial flowing through the system will be discussed. FiG.

4A shows a stand-alone, curaway view of an acoustic sensor of the present nvention, The
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signed to pick up, amphify, and divect

acoustic sensot 200 18 a mechanical component that is de
sound from the nside of a sced tube into a separate clectrontcs module calied 4 blockage
moniforing node 300, The blockage monitoring node 306 s not shown in FIGS. 44 and 48, but
is presented in detail m FIGR. 5A and 58, and FIG. 3B shows one embodiment of how the
bluckage monitoring node 300 may be mounted along with one or more acoustic sensors 200
{8084} In FiG. 4A, & sensor plate 21048 mounted over a hollow acousiie chamber 220, In

the preferred embodiment, the sensor plate 210 is constructed of a durable material such as

stainless steel which can withstand the impact of seeds, rocks, and other materials which may

enter the mate wcam flowing throagh the air sceding system, and can also wransmit sound
inte the acoustic chaber 220, Although statnless steel offers an tdeal surface thar provides
high-amplitude signals and is both strong and resistant 1o cotrosion, it is important to note that
any appropriate matesial can be wsed to create the sensor plate 210, A gasket 215 is placed over
or between the sensor plate 210 and the acoustic chamber 220 e prevens maserial from getting
inside the acoustic chamber 220, thereby atfecting the acoustic properties of the sensor, and alse
as a means of holding the sensor plate 210 1n place. The gasket 213 may be a separate picee or
may be applicd as a paste in a dispensing operation. The gaskei 215 is a flexible or spongy
matcrial that can be readify compressed to form an airtight scal between the sensor plate 210 and
the acoustic chamber 220,
{6081} The acoustic chamber 220 15 designed such that it can direct the scund picked up
from objects striking the scnsor plate 210 and direct them wward the back of the acoustic
chamber 220, where they enter a frapsmitting bose 230, The sound travels through the
transmitting hose 230 and s directed nto the blockage monitoring node 300 {shown in FIGS, SA
and 3B).
{6082} in the preferred embodinent, the acoustic chamber 220 is made from an injoction-
molded plastic, such as those plastics commonly used for the construction of clecrronics
enclosures and which withstand the extreme conditions found in the harsh envircnment of an air
seeding system. However, the acoustic chamber 220 may be construcied by any appropriate
maoufacturing technique and using other materials without changing the inventive concept of the
acoustic chamber 220,
{8983} The sclection of materials is very important for the dosign of an acoustic sensur. The
thicknocss and donsity of the material (for example. the sensor plare 2 1) will determine the
trequency of the sound data that i transmitied into the acoustic chamber 220, and thus the sensor

design can be “tuned” such that the fre cies it produces fall into an enviroamental “sweet
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ground neise. Similarly, the design of the transmitting hose

sput” which is refatively free of bag
230 is critical, The material of the ransmitting hosc 230 can have a filtering or attonuating
cffect on the noise that is fransmitted down s fongth, 16 the transoutting hose 230 is too soft, &
may also collapse und cut off seund transmissions. The material should be chosen with
consideration for stiffness and such that the filtering etfect of the transmitting hose 234G will not
attenuate the frequencics in the system “sweet spot.”

{8084 The transmitting hose 230, in the preferred embodiment. is constructed from a fength
of rubber hose. This materia! is fexible and allows the ransnuitiing hoses 230 of several
scparate acoustic scrsors 0 be casily routed 1o 2 noarby blockage monitering node 300
However, the transmitting bose 230 may be made in a different manner, in a different geometry
or with a different material without alering its function, which 13 to create a conduit of sound
which directs the sounds from the acoustic sensor 200 into a blockage monitoring node 300
{0085} The acoustic sensor 200 is a simple mechanical solution which can be sasily and
mexpensively manufactured. The acoustic sensor 200 docs not contain slectronics, but instead
roytes the sounds it detects to a remeotely located node where the sounds can be processed. As
shown in FIG, SB. the outputs of several acoustic seusors 208 can be dirceted into a single
blockage monitoring nodc 300, so that the total amount of electronics on the air sceding sysiem
can be minimized, sigaificantly reducing systeom cost and increasiog systom reliabitity,

{8086} Referencing now FIG. 4B, the acoustic sensor 201} is shown mounted on a hollow,
nibular sensor housing 205, The sensor housing 208 provides a mounting point for the acoustie
sensor 200, In the preferred embodiment, the sensor housing 265 is recunted between the
secondary manifold 142 and the secondary seed tube 162 (placed in the posirion marked as 161
in FI1G. 2, and as shown in FIG. 38). The sensor housing 208 1s essentially a rigid piece of
tubing, bent at an angle such that the acoustic plate 210 of the acoustic sensor 200 will be
impacted by sceds 121, The acoustic senser 200 is mounted in an opening at the bond of the
sensor housing 205, such that the acoustic plate 210 s direetly exposed to the flow of marerial

leaving the secondary manifuld 142, Multiple seeds 121 are blowa into the sensor housing 203

3

{following sead wavel paths 121A, shown bere as examples), where they impact the acoustic
plate 210 and are deflected back down into the sensor housing and contivue waveling down into
the sccondury scod tubes 1620 Sounds created by the impacts of the sceds 121 on the acoustic
plate 210 are transmittcd inte the acoustic chamber 220, and then arc dirceted into the

transnutiing hose 230,
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{8087} {t should be noted that the sensor housing 203 could be designed such that it is an

integraf part of the acoustic sensor 2{0, or it could be a separate picee that connects the outpur of

the secondary manifold 142 w the inpur of the secondary seod tubes 162, Although the angle of

the sensor housing 205 is shown to be approximately 90 degrees in the figures, the ideal angle
may be different, and would be caleulated based on the geometry of the air seeding system: for
which the sensors are being designed. The angle of the acoustic scosor 2080 would be optimized
such that is presenis the acoustic plate 210 to the flow of sceds 1271 such that the sovnds of
impact can be adequately detected without adversely affecting the flow of material.
{0988} FIG. 5A is a functivnal block diagram of onc cmbodiment of the blockage
moenitoring node 300 referenced previously in the specification. FIG. 5A shows one ersbodiment
of the blockage monitoring node 300 capable of connecting to four acoustic sensors 200, The
ransmitting hoses 230 from one or more acoustic sensors 200 would connect to the blockage
monitoring node 300 via a hose port 305, [n alternative embodiments. the bluckage monitoring
node 30 may have any number of hose ports 303, and would fikely offer the same number of
hose ports 305 as there are acoustic sensors 200 on a single secondary manifold 142, As shown
in the cxample system configuration of FIG. 3, cach secondary wanifold 142 would have a
dedicated blockage monitoring node 300 { for a system total of cight blockage monitoring nodes
3003, and cach blockage monttoring node 300 would have a total of twelve hose ports 305, The
mumber of hose ports 305 for a single blockage monitoring node 300 15 variable, and may be any
appropriate numbsr.
{6089} Returning 1o FIG. 3A, for each hose port 303, there iy a comesponding MEMS
microphone 313 and a corresponding anajog switch 315, “"MEMS”™ 18 an acronym which stands
for Micro-Electro-Mechantcal Systems, and 15 used generally to refor to small devices or
componcnts which are micromcterns (microns) in size. The MEMS miicrophones 310 receive the
sound waves through the hose port 305 as they mravel down from the ransmitting hose 230 from
the acoustic sensor 208, The analog switches 315 are used by the blockage monitoring node 300
t select which of the input streams from the MEMS microphones 310 should be processed at a
given tirac,
{66948 MEMS microphones 310 are preferred for several reasons. Not only are the MEMS
miceophenes 310 very small pars, coniributing (o a small blockage monitoring node 300, but
they are alsy magufactured from a process that produccs consisteny parss, with very fittle part-to-
pact variation. This is important because it means that no calibration s required to account for

the large part-to-part variatons seen in gaditional (non-MEMS) microphons components.
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{0491} A general parpose processor 325 is provided to control the busic operations of the

blockage monitoring node 300, A channci sclector circuit 328 ts controlled by the general
purpose provessor 325, and is used to toggle the analog switches 315 to seiect which of the
MEMS microphones 219 shoold be processed. The audio signaly captured by the MEMS
microphones 310 are sent to an audio provessor 330, In the preferred embodiment, the audio
processor 336 is a high-end audio froquency processor, ideally suited for processing the
frequency-based audio data caprured from the acoustic sensors 200,
{6092 The blockage meonitoring node 300 containg 2 communications module 335, which i
responsiblc for communicating the analyzed audio signals and related data 10 a romote deviee,
such as = contraf display in the wactor cab. Alterpatively, the commuoications module 335 may
transnnit the data to an off-board device, such as a tablet computer or similar handheld computing
platfornm. In the preferred embodiment, the communications modale 335 is # wireless
wansceiver, capable of both transmitting and receiving information via a wirzless protocol. An
alternative embodinent of the conununications module 335 is the cirenitry required o
communicale over s hardwired connection, such as a senial communications bus.
{6093} The blockage monitoring node 300 also has a power supply circuit 340, which i
uscd to process and regulate the power coming into the blockage monitoring nede 300, and
provide it as noccssary at the proper voltage level for the tunctionad blocks shown in FIG. SA, In
one embuodiment, the blockage mounitoring node 300 will receive power from the mplement or
wactor through a wired connection. fn another embodiment, the blockage monitoring node 300
could have its own internal power source, such as ¢ battery pack,
{3094 {n at least one embodument, the blockage monitoring node 300 contains a global
mavigation sateliite systom (GNSS} receiver 345 to provide mformation on the location of the
blockage monitoring node 300 in three-dimensional space. The GNSS recciver 345 may
coprise any appropriate device for receiving signals from geosynchronous sarchites and/or
ground-based srattons, Common examples of deployed, available GNSS systems include the
clobal pusitioning system (GPS) and the Russian GLONASS system.
{6095] The general purpose of the GNSS receiver 345 1s to allow the blockage monitoring
node 300 to determine its current position at any given moment in tme, and, by knowing its
current position, w© be able o celeulaie a ground spoeed (by determining how far the air sceding
system has moved betwoen two potats in ime) and to determine whether the air sceding system
has reached the end of the ficld (which it may determine by detecting a reducmg ground speed

combined with consecutive changes in position that indicare the vehicle is turning around).
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{8096} Also, some embudiments of the blockuge monitoring node 300 may include the
abifity to accept inputs other than the audio signals entoring the blockage monttoring nede 360
througzh the hose ports 305, For instance, the blockage monitering node 300 may accept a work
switgh put 356, which could be g digital switch input indicatng that the operator of the air
seeder has stopped the flow of sead through the system (perhaps becanse they have reached the
end of the ficld and arc tuming around and do not wish 1o seed i this arca). Another potential
input the blockage mosttoring node 309 may roceive is an alternative ground speed input 357
(from # source such as g speed sensor that may already exist on the system ). Inputs such as the

work switch input 356 and abiernative ground speed input 357, as well as additional outputs, may

enter and leave the blockage monitoring node 300 through one or more VO connectors 3
block of put/output cireuitry 350 would control and process the mputs and outputs from the
blockage monitoring node 300,

{6697} FIG. 5B shows a cutaway view of one erabodiment of the connection berween the
ransmitting hose and the microphone mounted inside the blockage monitoring nede. The
components shown in FIG, 5B are ternal to the blockage monitoring node 300, Inside the
blockage monitoring node 300, the required clectronics are moustted 1o & printed circuit board, or
PCH, 3120 A portion of the PCB 212 is shown in FIG. 58, highlighting the acoustic conncctions
madde to the PCB 312

{6998} A MEMS microphone 310 1s mountad to the back or bottor side of a PCB 312,

positioned so that a resistive membrane 310A built into the MEMS microphone 310 is directly in
Hae with 2 hole 312A that passes through the thickaess of the PCB 312, On the top or front side
of the PCB 312 {that is, o the side of the PCB 312 opposite that of the MEMS microphone 310},
an acoustic coupler 314 is attached to the POB 312 with un adhosive 314A. The hollow center of
the acoustic coupler 3148 15 posttioned such that it lincs up above the hole 312A in the PCB 312,
The end of the runsmitting hose 230 (the vther end of which ts attached to the acoustic scasor
200 is placed over top of the acoustic coupler 314, Soundds passing into the acoustic sensor 200
as pressure waves are direcied into the transmitting hose 236, travel down the transmitting hose
230 into the acoustic coupler 314, and pass through hole 312A to strike the resistive membrane
JEOA. The resulting vibrations o the resistive membrance 310A are detected inthe MEMS
microphone 318 as changes i olectrical characteristios, which can be interprcted by other
cicctronics (not shown) mounted on or near the PCB 212,

{6099] It should be voted that other types of non-MEMS mucrophones could be used without

changing the fnventive concepts of the present invention. MEMS microphones are ased for their



10

15

20

N
W

30

CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

2
“i

size, relability, and uniformity, as described previously, Alse, the technology used for the
MEMS microphones of the present invention is resistive {in which the amount of resistance
the membrane vhanges when it is compressed by sound waves). and this technology is inherently
iranmune to the environmental noise present in an air seeding system.

[60186]  FIG. 5C shows how the blockage monitoring node 300 may be mounted on the air
seeding system and interconnected with other system components. As previcusly discussed, the
examples shown i the figures show one possible configuration, and configuration details may

change in the implemented system without affecting the invention content. Specifically. the

blockage monitering node 300 shown here offors onldy four hose ports 303, and only two accustic
sensors are shown connccted fo the systenr. Deiail on the secondary manifold 142 has been
omitted for clarity. I a real system, several additional acoustic sensors 200 would be present
{up to twelve per manifold for the example system shown in FIG. 2), and the biockage
monitoring node 300 would have a corresponding number of hose ports 305,

{80181} The ioteot of FIG. 5C is to show how the componenis of the present inveotion would
be utilized on a typical secondury manifold tower 142, In the preferred embodiment, the
blockage monitoring node 300 is artached to a rigid vertical scction of the primary seed tube 144,
As material flows up through the primary sced tube 144, it eniers inte a sccondary manifold 142
and is split inro multiple sub-strears. For simplicity, FIG. 5B shows ooly two such branches
from the secondary manifold 142, one going to the left and one going to the night, but in reahty
these branches would cecur in several divections, directed radially out from the cender of the
secondary manifold 142, The sensor housing 208 attached to each acoustic sensor 200 acts av »
cormector from the secondary manifold 147 o the secondary seed tubes 162, As the branched
flow of material passes through the scasor housings 205, the seeds 121 impact the acoustic
sensors 200 before continuing to flow into the secondary sced tubes 162, The sounds thus

created by the impacts are directed into the fransmirting hoses 230 and travel down nto the

blockage monitoring node 300, where the scunds are processed to derermine the amount of flow

raveling into each secondary seed fube 162

[66182]  The previous figures have Hlustrated how the present invention is used to determine

the amount of material fow traveling through an air seeding system such as that shown 1n FIGR.
Vand 2. This is done by using the acoustic sensors dewifed tn FIGS, 44 and 48 in conjunction

with the blockage monitoring nodes detailed i FIGS. A and 5C. By thus oquipping cvery

secondary secd tube with the seusors and modules described m these fizures, a value of material

flow. as calcuiated from the relerive andio signal detected within each seed tube, can be
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caleulated for these seed wbes. Additional details on how these material flow values are
determined, and how they arc used, are provided later in FIGS. 9A through SE and the
corresponding textual description. Onee these material flow values are determined, measures
can be takes 1o balance the marerial flows 5o thar the flow 1y consistent within every secondary
seed tube. Although existing prior art systems offer very little in the way of a means for
balancing the material flow within the sead tubes, the prosent invention differs from the prior art
by offering a means for adjusting the flow within cach sccondary sced tube independently, based
upon data devived from the sensers 200, For example, this could be accomplished by providing
an adjustablc air flow resirictor within cach sceondary sced tebe as a means of balancing the
material flow values across the air seeding system.

{69103]  FIG. 6 shows s perspective view of an air flow restricror 400 as used in the present
imvention. The air flow restrictor 440 is comprised of two independent pieces: a wothed insert

405 and an cuter adjustment siceve 410, The toothed insert 405 includes inserr threads 420 and a

set of fingers 430 arrunged in u cireular grouping separated by a soall gap. The outer adjustment

sleeve 410 includes miernal threads 422 which mate with the insert threads 420 on the twothed
msert and is designed with a tapered end 415, When the vuter adjustruent sleeve 410 is placed
over the tosthed fnsert 4035, such that the intornal threads 422 just begin to engage the insert
threads 420, the air flow restrictor 400 s asscmbled. Wheo it s assembled, it can be placed in
line with the secondary seed tubes 162 such that the material flowing through the secondary seed
wibes 162 will also pass through the air flow restricior 400, The two pieces of the air flow
restrictor 400 are designed in such & way that, as the outer adjustment sleeve 410 s rotated, the
intesnal threads 422 engage the insert threads 420 and pull the outer adjustoent sleeve 410
further down vnto the toothed insert 403, Becausc the outer adjustment siceve 4140 has a tapered
eid 415, the movement of the cuter adjustment sleove 410 as it engages the toothed tnscrt 403
causes the interoal walls of the tapered end 415 10 come in conract with the fingers 430 and
constrict them such that they pash in toward each vther. This squeezing of the fingers 420
cagses the movement of alr and other material through the center of the air Hlow restrictor 400 to
be reduced. Lowsening the outer adjustment sleeve 414 by rotating it in the oppusite direction
atlows the fingers 430 to open back up again, allowing more air to pass throuzh the center of the
air flow restricior 400

{#0104]  The air flow rostricter 400 has a hollow center that allows air and material to flow

through i, allowing it to be placed in-linc anvywhere in the sccondary sced tube 162, An

alternative method of imroducing the air flow restrictor 400 would be to make i fotegral 1o the
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sensor housing 208 of the acoustic sensor 200 assembly. FIG. 7A shows an alternatve
cmbodiment of the acoustic sensor assembly of FIG. 48 where the awr tlow restrictor 400 is built
inte the fower hait of the sensor housing 265 1o this position, rhe flow of air and material
entering the secondary seed tube 162 can be restricted by turning the outer adjustoent shelt 416
s close down the fingers 43, Note that the outer adjustment shell 410 is shown here with a
non-tapered eaterior, but the interior of the outer adjustment shell 410 is still wapered, as will be
shown i cutaway views in FIGS. 78 and 7C.

(841831  FIG. 7B shows the altomative embodiment of the acoustic sensor from FIG, 7A with
a cutaway view of the air flow restricter 4. As viewed through the cutaway portion of FIG.
78, the euter adjustment shell 410 has inner tapered walls 4154, The numeric desigoator for the
intertor tapered walls is 413A, 10 show the refation fo the apered end 415 of the vurer adjustnient
shell 410 shown in FIG. 6. Both nomerie designators, 415 and 41SA refer to the tapered
feanures, but 415 refers o the tapercd end o general and 415A refers to the interior tapered
walls. The insort threads 420 are integral o or otherwise connected 1o the sensor housing 208,
The fingers 430 are shown through the cutaway just conung into contact with the tapered walls
4154, but they arc not yet compressed in this position. Full air and material flow would be
atlowed in this configuration.

{60166} FIG. 7C shows the cutaway view of the aw flow restrictor from FIG. 78, but with the
restrictor shell tightened such that the restrictor fingers are squeered more tightly together. The

dashed lines near the bottom of FiG. 7C show the former position of the cuser adjustment shetl

I

410 as itappeured in FIG, 78, befure it was tightenad down, The small arrow oo the diagram
near the insert threads 420 shows the direction in which the outer adjustment shell 410 moved.
The tasert threads 420 are now visible threugh the cutaway i the suter adpustmont shell 410,
inytcad of above it as they were in FIG. 7B. As shown, the fingers 430 are compressed by the
tapered walls 4134, and arc tightly squeczed together. The resulting configuration of the fingers
430 counstricts the air and material flow that can pass through the sensor bousing 205 ag it passes
into the secondary seed nibe 162

{88187]  The ieformation obtained by the acoustiv sensers 200 as processed by the biockage
monitoring vodes 300 is coromumicated to an operator. Ifa blockage is detected in one or more
ut the secondary sced tubes 162, then this conditton should be displayed 1o the operator of the air
sceding system so that appropriaie steps can be taken to clear the condition. [n addition, to be
able 1o equalize the outpur of all of the secondary seed whes 162, an oporator must be able to

have access to the cutput values of all of the seed wbes 162 in ovder o muake corrections. Onee
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these current output values are known, an operator can correct an imbulance in the system by
manually adjusting the air flow restrictors 404 on the appropriaie sceondary sced tibes 162 in
erider to change the air and material flows o those tubes.
{00188]  In an akemnative embodiment of the present invention, the air flow restrictars 400
might be connected 1o electric motors or otherwise automatically controlled. in this
cmbodiment, an electronies module (possibly a variation of the blockage monttoring node 300,
or a separate module} could be entered into an “automatic balancing” mode. In this mode, the
electronics module could read the seed flow rates for all of the secondary tubes 162 on the
systom, check for imbalances, and then drive the electric motors {or other automatic means) o
adjust the air flow restrictors 40{ antomatically, without manual intervention, This would enable
avtomatic adustment of a system every tme an operator pulls the air sceding syster nto a now
field or changes crops.
{00109}  FIG. 8 itlusirates bow the blockage monitoring nodes 30C are capable of
communicating wirelessly with a handhekd computing device 500, FIG. 8 also shows how the
primary mventive components of the present invention might be mounied m one embodment of
the invention. The acoustic sensors 200 are between the sceondary manifold 142 and the
sccondary secd tubcs 162, The alr flow restrictors 400 are show in-line with the acoustic scnsors
200 snd sccondary sced tubes 162, One or nwore blockage moenitering nodes 304 are mounied on
the vertical portion of the primary seed tube leading ap into the secondary manifold [42. As
previously described, FIG. 8 iHlustrates one possible configuration of the inventive components
of the present inventton, ansd (s pot meant to be Umiting in any way, There may be shemuative
configurations of an air seeding system that would require u difterent configuration of the
acoustic scnsors 200, air fow restrictors 400, and blockage monitoring nodes 304,
{86116}  The handheld computing dovice 500 may be usced as both a system display and
control device, Inone embedimeny, the handheld computing device 540 is a commercially
available computing platform such as g version of the iPad computing device available from
Apple, Ine., or any similar commerciz] computing platfornt. In an alternative embodiment, the
handheld computing device S04 is & custome-designed bandheld computing platform, which can
be specitically designed for use with the present inverdion.
@111 The handheld computing device 500 can receive and transmit wircless messages 10
with the blockage monitoring nodes 300, 1o one operating scenario, one or more of the bleckage
noniforing nodes 300 deteets a drop 1o sound level frem one or more of the acoustic sensors 200

to which it is comnected. This information is mansmitted 1o the handheld computing device 500
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in the form of wireless messages 10, The hundheld computing device 560 receives the wireless
messages 10, processes the information contained within them, and determines what ¢ display
un the bandhcld computing device 300,

[68112]  In the praferred embodiment, the algorithins that deternsine how to interpret the dara
wransmitted by the blockage monitoring nodes 300 are located on the handheld computing device
300, By locating the algorithims inside the handheld computing device 500, the blackage
monitoring nodes 300 may bave less powerful, incxpensive processors, reducing the overall
systermn cost. In an alternative embodiment, the algorithims for determining if there is a blockage
arc located within cach blockage moritoring node 200, instead of in the handheld computing
device 500, In this altcreative cmboduuent, the handheid computing device 50 effeetively
becomes a sort of “dumb (iispiay and is only used to display the results calculated by the
blockage monitoring nodes 360, Although, in the preferred embodiment, the handheld
computing device 500 does the majority of the processing, it may be desirable w have the
blockage moenitoring nodes 300 communicate with an existing “dumb display” on the tractor,

instead of to the handheld computing device 508, In these casces, the blockage monitoring nodes

300 may need to do all of the processing, and scnd display diroctives to a non-processing (dumb)
display, nstoad ot allowing a handheld computing deviee S04 to do the processing.
{801131  For the purposes of this discussion, a “dumb dispiay™ ot “oon-processing display™
shall be defined as a display with very limited processing power, which must be commanded
what it should display through mossages seat to it by a separate electronics module. Many
modern tractor manufacturets provide such non-processing dumb displays for their fructors, as
the displays must be capable of receiving and displaying information from different buplements
(hay balcrs, air sceders, spray cquipment, i, from various manufacturers. Instead of trying to
create a single display type that contains all of the processing power and algorithms needed for
all of the various rypes of implemenis, the fractor manufacturers instead often provide a single
“dumb display” which simply displays the information it receives from a separare module
mounted on the implement.
[68114] 1o this way, the “intelligence” is encapsulated in the slectronies on the implement,
and a single dumb display type will work with many different kinds of implements, In ovder to
communicate with a single display type, all of the implements must send messages in a
standardized format to the display in the tractor. Unc cxample of such a non-processing display
is the GreenSrar display found on tractors manufactured by the John Deere Conpany of Moling,

Unois. The GreenStar display i an [SOBUS virtoal terminal, where “ISOBUS” refers 1w a
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standardized open communications network technology fur connecting electronic devices on
agricultural equipment, and “virtual torminal” refors to a display which follows the ISOBUS
standard. An 1SOBUS virmal ternunal accepts messages from imploments using the industry-
standard [SO 11873 communications protocel. Any implement that can send the proper
commands using this communications protocol is capable of displaying mformation on the
GreenStar display. Many other fypes of ISOBUS virtual terminals are avaitable. FIG. 10B
provides additional information on how the present invention might communicare to au existing
non-provessing display. such as an ISOBUS virtual terminal.

{0115} Reforing now 1o FIGS. 9A through 9E, several examples of user interface pages
will be deseribed. The pages shown i these figures are infended to be examples enly and ot
heiting in any way, and are representative of any number of similar pages that could be created
for the application. For the purposes of this discussion, these user interface screens will be
shown as they might appear being dispiayerd on a handbeld computing device 300, I should be
noted, however, that similar sereens could be displayed on any type of displaying device,
including an ISOBUS virtual terminal as proviously deseribed und as illustrated in FIG. 10B.
{10816]  FIG. YA shows one eobediment of a default information sercen showing status
information on the air sceding system. A display sercen 501 displays information on the
haodheld computing device 580, o the preforred cmbodiment, the display sereon 501 has a
wouch-sensitive interface (a touch screen), allowing the operator to interact with the device tw
bring up different displays, or to send commands to the blockage monitoring nedes 300, via the
handbeld computing device 304

{80317 {v the screen illustrated in FIG, YA, a summnary view of the entive air seeder
implement is shown, In this view, numeric designators 503 refer to the number of a speeific
secondary manifold 142 on the scedor, FIG. 9A shows 12 separate numcric designators 563,
showing rhar the air secder implement now connected te the machine has 12 scparate sccomdary
manifolds 142, Next to each numeric designator 503 is a manifold status SG5. fo this
embodiment, 2 manifold status 508 of “OK™ indicates that the manifold in question is operating
correctly (nu blockages). A manifold status 505 other than “OK™ will appear next to secondary
manifolds 142 which have one or more problems. For example. as shown in FIG. 94 a
manifold status SOSA stating “NO CONNECTION" is shown next o the entry for manifold 4.
and manifold status SO3B showing the numbers ©1, 3, 5, 67 next to the entry for manifold 6.
W0118] A conncction icon 507appears 1o the right of cuch manufold status 505 {inchiding

statuses S05A and 305B). The connection icon 347 may be an auimated tcon such as a spinning
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disk or any approupriate symbol when the wircless connection to the blockage monitoring nodes
300 on the corresponding secondary manitold 142 is working properly. An alternative form of
the connection icon SU7A s used w indicate a malfunctioning or von-existent wireless
connection between the handheld computing device 500 and the corresponding secondary
manifold 142, In the embodiment shown in FIG. 9A, an "X iy used for the aliernative
conncction icon SO7A o indicate a bad connectinn. The manifold status 305A of "NO

CONNECTION" is shown as an additional indication thar the wireless connection is faulty. As

previously indicated, the status fabels, specific graphics. and the sumber and arrengement of

onsereen componenis is intended to be an example ealy. and cot meant to be limiting in any
way.
{88119]  The manifold status SO38 showing the numbers *1, 3, 5, 67, as shown m FIG. 0A iy

used to indicate that the correspending secondary manifold 142 15 dciccting partial or full
blockages on the first, third, fifth, and sixth secondary sced tubes 162 on that manifold. The
fault condition shown in this FIG. A would likely have been caused by a detected snd
significant decrease in the amount of noise received from the acoustic sensors 200 associated
with the sceondary scod tubes 162 numbered 1. 3, 5, and 6 on the secondery manitold 142
numbered 6.
198128]  Fach uscr interface sereen, such as the one shown on the display sereen 301 in FIG,
OA , will alses likely contain one or more navigation controls SH). [n FIG. 94, the navigation
controls S1{ are displayed along the bottom of the display screen 501, and include buttons for
moving to additional user mierface sereens (shown bere with labels “fmplements” and
“Profites”) and a Help bution (shown here as a circle with a lowercase ™17 inside i),
{89121} FIG. 9B shows one cmbodiment of 2 manifold information page. While FIG. 9A
prosented sunmmary information showing the status of all of the sccondary manifolds 142 onan
air seeding system, FIG. 9B show the relative flow rates for cach of the sceondary seed tubes 162
connected to a single secondary manifold 142, This page. or one bke i, may be displayed aficr
an operator touches one of the manifold stanises 508 shown on FIG. YA, For example, if the
operator were 1o touch the top manifoid status SO on the display screen 301 illustrated in FIG.
3A {manifold number 1), the sereen tHustrated in FIG. 9B would appear.
{60122 {n this cmbodiment, the manifold infermation page of FIG. 98 displays the current

ficiont of variance {UV) numbers for cach sceondary sced tube 162 ¢n Manifold 1 as 2 bar

woct
graph 502, The bar graphs 302 sre crearcd and displayed on the display sercen 501 such that the

exact middle point of cach bar graph 507 represents the average flow rate across all of the
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secondary seed tubes {62 on this secondary manifold 142, The far feft side of each bar graph
302 represents (% flow rate. The far right side of cach bar graph 302 reprosents twice the

average flow rate. Each bar graph 302 is preceded by a numeric designator 504 jndicating the

number of the corresponding secondary seed tube 182, The OV sumbers S06 displayed to the

right of the bar graphs 302 represent the percentage that a secondary sead tabe 162 is either

above or below the average, For example, secondary seed tube nuimber 2 {the second bar graph
502 from the top of the display screen 501) shows that its current TV s +4%, meaning that the
flow rate in that secondary seed tube 162 §s 4% greater than the wverage of all the secondury seed

tubes 162 on this sceondary manifold 142, Secondary sced tabe pumber 14, noar the bottom of

4
£

the display sereen 501, is 4% below the average (shown as -4%). The overall average tiow rate
514 across all secondary sced wbes 162 for the displayed manifold 142 s shown at the top of the
page.

{001231 A center line 512 (FIG. 9B) is displayed as 2 visual reference and represents 0% CV
{it reproseots the sverage flow rae). A dashed Jme 514 s used 1o show the point to which a bar
graph 502 must drop before the system will indicate a blockage or partial blockage has occurred.
An alarm pereentage S08 is displayed beneath the dashed line 514, showing the actual
percentage drop that will trigger a blockage alarm. The alarm percentage SOY shown in this
cxample is -10%, indicating that an aleom will be triggered when onc or more of the bar grapbs
502 falls at least 1096 below the average flow rate. In apreferved embodiment, this alarm
percentage 508 and the relative position of the dasbed line 514 are user adjustable, allowing the
operator to pick a different alarm pereentage 50K,

681241  Whep an alarm condition oceurs, the graphics shown on the bar graphs 302 may
change as an indication of the condition. Bar graph 502A tshown corresponding to sccondary
sced tuhe & in FIG. 9B) has dropped below the dashed line 514 and s thus shown as a diffcrent
color than the other bar graphs 502, The corresponding CV value 306A shows -20%, a
significant drop from the average flow rate. Bar graph S02B has dropped 1o 095, indicating
either a total blockage conditicn (no seed flow) or an arroy in recetving data from the
corrcsponding secondary sced tube 162 or blockage monitoring node 300, The CV value 5068
is shown as an exclamation point, in this example. to indicate a serious condition exists,

{60125)  Navigaton controls 310 are provided for this page. as welll in this example, leftand
right arrows arc provided to move from onc manifold display 10 the next, and a “Back™ button is

provided to retars the operator to the sercen that was proviously displayed. The navigation
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controls 310 shown here are mtended to be representative of any type of virtual user control that

allows the opcrater to navigate through the screens.

[€0126]  FIG. 9C shows une embodimenr of an implement selection page. For the purposes
this discussion, an “implement”™ is any piece of agricultural machinery thai can be attached to
and pulled from a tractor (such ag an air sceder vr air cart). This page might be displayed when
the handheld computing devioe 509 is first turned on, or when the software appiication for the awr
seeding system is first execurcd. An implament Hist 511 will appear on this page, showing a st
of all of the implements that are currently in wireless communicarions tange with the handheld
computing device SO0, {f no implements arc within communications range, the implement List
St might display “No implements o range” or a sinular informanional message. if only one
implement ts i range, this implement selection page may not appear, as there are ne cheices o
be made (the solitary implement will be the one chosen by default). When the implement list
511 has ftwo or more selections 10 choose from, a selection indicator 516 will appear on the
display screen 501, indicating which fmplerent is currently sclected. The operater can touch a
different implement on the implement st 11 with 2 flnger or stvlus, and the selection indicator
516 will then appoear around the sclected implement. Navigation conirols SH are provided for
additional functionality on this page. These may include an ADD and DELETE buttor, such as
those shown in FIG. 90, to allow the operator 1o defing a now impleeny, or to remove ap
existing implement from the implement Jist ST

80127]  FiG. 9D shows one embodiment of a profile selection page. For the purposes of this
discussion, a “profile” is defined as a specific patiern of secondary seed fubes 162, Defined
profiles arc sometimes required because ditferent kinds of crops may require different row-to-
row spaeing when being planted. I the openers 148 (from FIG. 1 or 23 which dig the flurows i
the sot arc spaced on the air secding system 12 inches apart, but a crop i3 known to grow better
using a 24-inch spacing, then the operator of the air seeding system can disable every other row

on the air seeder. This is typically done by blocking the entry of every other secondary seed tube

i

and sced flow, However, since all of the sced tubes 162, even the blocked ones, will have an

2 inside of the secondary manifold 142, so that only half of the seed tubes 162 will have air

acouste sensor 200 mstated, the systern needs 2 means of defecting which of the secondary seed
tubes 162 have been blocked, and which acoustic sensors 200 should be ignored, so that a false

alarm is not triggered. Additional deail on how a specific profile is created will be shown on
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{60128  The display screen 501 of the profile selection sereen shown in FIG. 9D has a profile
list STLA, Hsting all of the profiics that have been defined by the operaror. A sclection indicator
516 is used 1o indicars which profile is currently selected, The eperaior can choose a different
profile by touching the profile name from the profile list ST1A. Example navigation controls
510 allow the operator ws add, defete, or edit profiles.
[86129]  FIG. 9F shows an embodiment of an edit profile page. which can be used 1o create a
new protite or to edit an existing one. At the top of the display screen 501, there is a profile
name box 522, displaying the name of the profile currently being edited. In this example, the
vuerent profife is catled “24-Inch Spaving™. Below the profile name box 522, a scrics of virtual
onvoff switches 320 are displayed, one for gach secondary seed tube 162 in the corresponding
secondary manifold 142, By touching one of the ov/off switches 32¢ with s finger or stylus, the
operator can togele the status of that switch, & specific onv/uff switch 520 is shown to be
“(IN, that means that, for this profile, the secondary sced tube 162 corresponding to that on/ott
switch should be considersd. If the on/off wwitch 320 is showa to be “OFF”, the corresponding
seed tube 162 is assumed 10 be blocked off and the data from the acoustic sensar 200 associated
with that secondary sced tube 162 will be ignored when determining if there is an alarm
condition.
[80138]  As a profilc may contain swirch definitions for owdtiple manifelds, a stider bar 512
or similar control is provided 1o move the display up or down (1o make other manifold switch
sets visible). Example savigation controls $10 may inchude buttons o save an cdited profile, or
cuncel edifing mode and rotrn 10 the previous scroen
{00131]  The example pages shown in FIGS. YA through 9E are miended to be representative
ot the types of operations that could be done using the handheld computing device 500, They
should not be considercd complete, and a porson skilled in the art should realize that any number
of display and control pages could be created. The fundamental concept presented berein s that
a wircless display (the bandheld computing device 500 can be used us 3 user interface and
display for the air sceding system of the present mvention.
{80132}  Other rypes of display pages could include, but are certainly not limited 1o, the
following types:

e A grouping page, which allows subsets of secondary manitolds trom a single implement

1o be grouped together based on the rvpe of material flowing into them, This may be

needad in the case when two or more hoppers 126 {(from FIGS. | and 2) are used onan
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air seeding svstem, with each containing different materials {(for example, one containing
sced and the other containing fortilizery.

s A decumentation page, allowing an operator to display user’s manuals or other
documents.

s An“about” page, showing firmware and hardware revision aumbers for cach blockage
monitoring node 300 on the seeder, and sofrware revision numbers for the application
running on the handheid computing device 500.

s A built-in-test {BIT) page, aflowing an operator to initiate and sce the results of system
tests,

e A log page, displaying the text of log files created by the system software. perhaps
showing the sccurrence and location of blockage events or senser/electronics errers.

{60133¢ {1 should be noted that, m one embodiment of the present invention, much of the
configuration system described i FIGS. YA through 9E may be siorod n the blockage
monitoring nodes 300 instead of or in addition o storing this mformation in the handheld
computing device 380, By storing configuration mformation such as profile definitions in the
blockage monitoring nodes 300, it becomes possible to swap out one handheld computing device
500 for another, allowing multiple handheld computing devices S04 to be used with the system
without fequiring a complete re-configuring of the system and redefinition of profiles. Since the
blockage menitoring vodes 3060 are mcant to be mounted directly w rthe oplement, the
configuration information can be stored here, with the imploment for which it is defined, instead
of solely on the handheld computing device 500,

1001347 FIGS. 10A, 10B. and 10C illustrate bow the blockage monitoring nodes of the
present invention can communicate wirelessly with cach other. as well as with a remote
information display. FIG. FOA shows a set of blockage monitoring podes 300 {shown here
removed from the air seeding system, which is assemed 10 exist) communicating wirelessly 10
with cach otber and with a bandbeld computing device 500, As proviously discussed, inthe
preferred embodiment. the majority of the processing required by the system {such as
determining if there are blockages. vr alarm-triggering events) would be done by the handheld
computing device 300. The blockage monitoring nodes 300 would sinply caprure the audio data
from the acoustic sensors 200, convert the data into wireless messages 10, and transmit the
messages to the handheld computing deviee 500 for processing and eventual display.

[88135]  FIG. 10B illustrates an alternative cmbodiment of the present invention, in which the

bandkeld computing device 50U is replaced by a tracior-mounted, hard-wired or wireless fractor
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display 630, As previously discussed, the ractor display 630 may be an [SOBUS virtual
terminal {a non-processing or “dumb” dispiay  or similar display which is desigued to accept
display directives from an electronivs module on the voplement. These virmal rerminal displays
recetve the display directives, from other systent modules 22 over an ndusiry standard, hard-
wired communications bus 20 following the 1SO 11873 communications protocel. The other
systemy modulbes 22 may be any number of separate electronic modules connected o th
companivations bus 20, and may include items such as fransmission controllers, engine
controllers, implemnent controllers, or any other appropriate electronic modules configured to

send and reccive messages using the ISO 11873 communications protocod.

“)

{$9136]  Inan embodiment using a fractor display 630 convected 10 a communications bas 2
a wirgless-to-sertal node 600 must be mtroduced 0 nrercept the wireless communications 14

ransmitted by the blockage monttoring nodes 300, and convert them 1o ISO 11873 messages for

rransmission over the communications bus 20, This added component, the w Q8- f-seriad

node 604, allows the present invention to work with existing tractor displays 650, Also shown
on FIG, TOB are bus terminators 25, whach are required by some communications phivsical layer
implomentations.

B80137F  FIG. 10C tlusteates yet another cmbediment of the preseat invention for use tn an air
sceding or similar systam that uses the IS0 11873 communications proweol. Similar to the
embodiment in FIG. 108, this embodiment has & wireless-to-serial node 600 connected w &
communications bus 20, and in communications with onc or more other system maodules 22, In
this embodiment, however, the hardwired tractor display 650 has been replaced with a handheld
computing device 500, o this embodiment, the handheld computing device 300 communicates
wirclessly at 14 to the wircless-to-serial node 60C, and can thus retrieve 130 11873 messages
from the communications bus 20, A ISOBUS virtual terminal emulator (a software program,
and thus not shown here) can be executing on the handheld computing device 500, allowing the
handheld computing device 360 to be used in place of the tracor display 630

[80338]  The embodiment shown in FIG. 16C is a significant advance in the art, because a
wypical tractor display 630, such as an ISOBUS virtual terminal supplied by aa original
cquipment manufacturer (such as John Deere, CASE [H, ete.), s very expensive and oy be
several thousand dollars. 1f the same Rimctionality can be supplicd by an otf-tho-shelf handheld
computing device S} for a fow hundred dollars, this is a significent benefi w0 the operator, The

handheld computing device 300 may also be taken off of the tractor and used for other purposes,

turther reducing the system cost,
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{88139 n the alternative embodiments shown in FIGS. 10A, 18B, and 10, the wireless
communication Hnk 10 could be replaced with dircct-wired communication links, but this would
add additional system costs and decrease the systern reliability {addisonal wiring provides

873 communicanons standard

addinonal fatture points in the system). Also, alihough the ISO |
is described above in some detail, any similar protocol or messaging scheme can be supported
using the same mvention.

{B8140]  FIG. 11 shows a functional block diagram of the wircless-to-serial node introduced
in FIG. 10B. In one embodiment, the wireless-to-serial node 600 includes wireless

communications circuitry 645 to cxchange wircless information with the blockage monitoring

nodes 300, Optionally, the wireless-to-serial node 600 may contain opticnal radio devices 606
or an optional cellutar modem 607, for covvnunicating with other systems erther on the air
seeding system or external 1o it. The cellular modem 607 may be one adhering w the CDMA,
GSM, or any other appropriase celfular communications protocol.

{00141 A processor 610 condrels the operations of the wireless-to-serlal node 600, and
contains instructions for processing the mformation reeetved from the wireless communications
circuitty 603, or optional radios 606 or ccllular modem 607, and sends it to the scrial
communications inferface 629, which packages the data received wirclessly into messages based
on the particular serial comununications protocol emaployed by the systom. A connector 630

provides a connection point for the commumications bus 20, An antenna 625 1 provided to

allow the wircless-to-serial node 61) to receive and fransmit information wirelessly., The
wireless-to-serial nude 600 includes a power supply circutt 613 {0 regulate incomdog power and
convert it to the levels required for the circuitry within the node. Power may be supplisd from
the vehicle or implement {routed through the connector 630}, or may come from an optional
internal power source such as 4 battery pack.

{80142}  The remaining Hgures tlustrate sume of the operational aspects of the present
invention. FIGS. 124 and {28 illustrate one embodiment of an algorithm for determining when
an air seeding system using the present invention is stopping or turning arcund at the end of 8
field, allowing the blockage alarms to be disabled 1o preveat false alarms. During normal
operation, the acoustic sensors 260 will determine the relutive amount of seed flowing through
the sceondary sced tubes 162 based on the sound level present in the tubes. I once or more of the
acoustic sensors 200 deteets a sudden drep in sound level, the blockage monitoring nede 300

will determine that the corresponding seed fube 162 has a partial or full blockage and will

indicate an alarm condition (n at least one embodiment, the determuination of whether there 15 an
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alarm condifion may actually take place in the handbeld computing device 300, based on
information it receives from the bleckage monitoring node 3901

1663143]  However, when the air scoder reaches the end of the field, the operator typieally fifts
the implement (the components of the air sceding system that are 1n contact with the ground.
such as the upeners 148), turns off the flow of seed, and begins to turn arcund to make the next
pass down the ficld. Since the flow of sced is stopped dering the murn, the acoustic sensors 200
will detect 2 drop in sound level which may in tum be falsely interpreted by the systent as a
blockage. To prevent false alurms in this manner, some means for deteeting when the maplement
has been lifted must be provided, such that the systom can 2l the difforence botweon a biockage
and the eperaror wraing off the air flow through the system.

{00144}  One means of doing this is to provide a work switch input 356 to the blockage
monitoring node 300, sach as that shown in FIG. SA. Tn one embodiment, this work switch input
356 is a digital input that is high whea the implement is lowered and seed flow is enabled, and
low when the implement is lifted and seed flow is turned off. The blockage monitoring node 300
reads the current state of the work switch input 356 and enables or disables the alarms
accordingly. As previously discussed, in cortain cmbodiments of the prosent nvention, the
blockage monitoring node 300 may simply pass the state of the work switch inpue 356, along
with the data detected from the acoustic sensors 200, to the bandheld computing device 300, and
it i actually the handheld computing device 500 that determines whether or not an alarm shouid
be sounded.

081451 o some aiv sceding systoms, however, there may not be a work switch input 356, or
the work switch input 356 may be maltfunctioning. In these circumnstances, it is possible to detect
the conditions normally associated with sced tlow being disabled by using information already
present in the system of the prosent invention, FIG. 12A graphically depicts what happoens to the
seed flow during a rypical work stoppage. and FIG. 12B outlives an algorithm for determuning if
alarms should be disabled or enabled when a work stwoppage is detected.

[86146]  FIG. 12A shows the relative seed flow 700 in an air seeding system as it changes
over time. As shown in FIG. 12A, a user-defined threshold 710 indicates rhe level at which the
seed tiow 700 will trigger an alurm, if it drops below threshold 710 for a pre-determuned period
of time, Four key times are marked as tmes TH through T4

81477 T1 indicates the time whon the secd fow 700 fist drops below the threshold 7100
This time is reached when the secd flow 700 begins to drop off {due to cither a blockage ora

work stoppage’.
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[B8148] T2 indicates the time when the seed fow 700 stops dropping and reaches « steady
state below the threshold 710, This might occur. for instance, during a work stoppage, when the
seed flow 700 bhas completely stopped (romains steady at zero flow for 2 pertod of timel.
{80149} T3 indicates the ome when the seed flow 700 begins to rise agatr. This muay oveur
after a work stoppage when the seed flow 700 is resumed. Since seed fluw 700 will not jump
immediately back 10 its former “full-flow” level, the seed flow 761 takes some time to climb
back ahove the threshold 710,

{B8130) T4 indicates the time when the seed flow 700 chimbs back above the threshoid 710,
prosumably after 2 work stoppage has ended and sced fHow 708 begins to retarn to the previous
level.

{86151] By defiming acceptable durations between these key timing events (T through T4),
the system can be configured so that it can detect the difference between a blockage and a
pormal end of ficld work stoppage. For example, if the tfime berween T1 {when the seed flow
700 first falls befow the threshold 7103 and T2 {when seed flow 700 reaches steady state) takes
too long {that is, 1t exceeds a pre-defined timer), an alarm may be sounded. However, it T2
{steady state) is reached beflore the pre-defined timer oxpires, the alarm s disabled. meaning that
stoady state has beon achieved and secd fow is considered off

{90152]  FI1G. 12B is a block of pscudo-code detatling one embodiment of an algorithm used
for determining if alarms should be enabled or disabled for a scenario such as that shown in FIG.
12A, The times T1 through T3 from FIG. 12A are used i this algorithm,

BO153]  Secotion orstep 720 of FYG. 128 defines the variables used in the algorithm. Most of
the variables are “flags” which are Boolean-type variables (set to either “rrue” ot “talse),
indicating the presence or absence of a cortain condition. For instance, if the FEOW RISING
flag is e, that is an indication that the sced flow 700 is currently increasing,

180154}  Scction 725 indicates what happens when the seed flow 760 is below the threshold
and currently falling, but the VISUAL ALARM flag is false. In this case, the visual alarm flug
is set o rue and the ALARM TIMER is reset to {1 Section 725 will only occur when the seed

flow 700 first drops below the theeshold,

{88155 Sections 730, 735, and 740 are all only executed wheo the VISUAL_ALARM flag is
aiready truc, when the sced fow 700 is below the throshold 710, Scotion 730 cheeks 1o sec how

N -

long the seed flow 700 has been falling, and if it has been fatling fonger than the pre-defined

ALARM_TIMEOUT period. the audible alaem s sounded (AUDIBLE ALARM sef fo ruc),
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{80136]  Section 738 checks to see if the seed flow 700 has been in 4 steady state fur o long
(exceeding the ALARM._TIMEOUT). Hthe ALARM TIMEOUT &5 excecded. the audible
atarm is also scuaded io this case.
[86157]  Section 740 checks to see if the seed flow 700 has been rising for roo long, {fthe
ALARM TIMEQUT pericd is exceoded, the aodible alarm is sounded.
{80158]  Finally, Section 745 resets the ALARM_TIMEQUT, AUDIBLE ALARM and
VISUAL_ALARM flags once the seed flow 700 is no longer below the threshold 710
[BPIS0] {t should be noted thart the algorithm outlined in FIG. 2B 15 an example only and is
not intended to represent an eptimized algorithm or to Hmit the implementation of the algorithm
in any way. One skilled in the art understands that changes can be made to the algorithm shown
without deviating from the general idea of the algorithon. For example. instead of a single
ALARM_TIMEGUT variable, the algorithm may use up fo three separate alarm timeout
variables, one cach for the scenarios covered in Sactions 730, 735, and 740 of FIG. 12B. Orher
changes are alse possible.
{08168]  FIG. 13A shows one erabodiment of a flowchart for balancing the output of an air
sceding system using the presest invention. in Step 800, an operator begins operating the air
sceder in a fickd. oy, alternatively. in a stationary tost set-up. Scod begins 10 flow through the aiy
sceding systom and secondary seed tubes 162, A person (who could be the samce operator who
initiated air sceder operation in Step 800, or a second person) walks or stands behind the seeder
holding the handheld computing device 500, Tn Step 303, the person enters “Balancing Mode”
on the handheld computing device 300, which is a page that aids the user in equalizing the
outputs of all active secondary seed tubes 162, n Step 810, the hendbeld computing device SO0
displays the fluw rates for all manifolds and sced wibes in the air seeding system. In Step 8135,
the person uses the handheld computing dovice 500 to identify soed tubes with flow raices that arc
cither toe high or 1eo low. In Step 820, the person adjusts the air flow restrictors 400 on the seed
tubes with improper flow rates to increase or decrease the flow as needed. If the handheid
computing device 500 shows that the cumuty of all secondary seed tubes 162 are now balanced
{Step 8253, the balancing operation is complete (Step 8303 [ the sccondary seed tubes 162 a
still not balanced, the algorithin jumps back up 0 Step 810 and these steps are repeated as
neeessary untif the outputs of all secondary sced tubes 162 are equalized.
{89161}  FIG. 13B shows another ombodiment of a flowchart for balancing the ouiput of an
air seeding systera using the present fnvention. fn Step 802, an operator butiates an air seeding

eperation by driving the air seeder into the feld and planting seed. As they seed, the operator or
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the handheld computing device will keep track of imbalances detected by the present invention
(Stcp 807y Aftor a sufficient section of ficld has boen sceded (encugh to note where the system

imbalances are), the air scoding operation is halied (Step 812) and the operator adjusts the air

ees). The operator

flow restrictors on the seed tubes that showed improper flow rates timbala
then re-initiates the air seeding operation (Step 822} and checks to see if any imbalances are
remaining. [Fall sced rubes are balanced (Step 827), the balancing operation in compiete (Step
8323 Ifthe seed tubes are not balanced {Step 827), then Steps 807-827 are repeated until the
systam is fully balanced.

{00162]  In the preferred cmbodiments of an air sceding systom, as described hereln, a design
was chosen 1o reduce the overall svsten cost while still providing sufficient functionality, e.g., in
processing of the acoustic data captured by the present invennon. This was achieved by

providing one blockage monitoring node for mudtiple microphones (potenaally more thun 20

ic

acoustic setsors may be plugzed into a single blockage monitoring nodey. Since a sing
blockage monitoring vode has to process sound data received by owltiple microphones, a
multiplexing approach 1s used, where a blockage monitoring node histens o one micrephone for
a short period of thne, then moves on to the next, and so on, unti! the blockage monitoring node
has sampled all of the microphones and begins again, These multiplexed signals arc then
converted inte the frequeney domain and analyzed to produce an cstimate for the overall “sound
power” seen by the syatem. This sound power is a relative indication of the amount of flow m a
systern or in a given seed fube. Tnsiead of showing the exact amount of sced flowing in cach
whe, the system provides the amount of flow relative to the average of all sead mbe flow rares,
One embodiment of an algorithm tor determining a sound power estimate in this fashion is
provided in FIG. 14, which will be discusscd shortly.

{#9163]  However, by reducing the amount of or climinating completely the multiplexing that
veeurs, possibly by incrensing the rumber of precessors available for each microphone, the
sound data could be processed in the time domam. This would allow a systerm to count the
actual pumber of seeds that strike the acoustic sensor, instead of providing a refative flow rate.
Working nthe time dorain in this fashion would allow clements of the present inveantion to be
used i other applicatons. For instance. the acoustic sensors described in this specification
could be used in a grain foss monitor, in which grain falling ous of the buck of a combine tand
thercfore lost to the harvestor) could be detected by placing an acoustic scnsor {or an areay of
acoustic scnserst on the back of the combine, such that grain falling out of the harvester would

first lat the acowstic sensor and be detected. The acoustic sensors and electronie components
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described herein enable processing in both the frequency and time domuins. While this
specification doscribes the inventions use on an air sceding systom, U is imporiant 1o note that the
same components caa be used in similar material flow applications, inclading agricubwral and
other applications.

{06164}  FIG. 14 shows an embodiment of an algorithm for creating g sound power estimate
using the acoustic sensors of the present invention, tn which the data is utitized in the frequency

domain. in Step 900, audis samples arc obtained from the acoustic sensors as tnrerfaced left and
right charmel samples. Then the samples are separated (de-interlaced) inw left and night channel
data (Step 908). The processing shown in FIG. 14 from Step 910 on is done for both the feft
channel data und right channe! data. The steps for both feft and right channels are labeled with
the same number, but an "L or an "R is appended fo the reference designator to distinguish the
processing of the left channel (*L) versas the right channel {"R™). The remaining description of
FIG. 14 will apply to both the feft and right channels equally
{BOI65] A fast Fourler transtorm (FFT) is performed on the raw data from the Jeft and right
channels (Steps 9101, Y10R}. This creatos a frequency spectium containing imaginary and real
spoctrum information. The algerithm thes finds the absolute valuce of the spectram {Sicps 9154,
913R), and the spectrurn is scaled so that the froquency data of interest is better displayed (Steps
G20L, 920R). The average of the frequency “bins” of infercst is found to produce an
instantancous sound power measurement (Steps 9281, 925R). Ifthe data is out of range,
indicating a reset of the gain and crror nformation is needed (Steps 9301, G30R), the algorithm
rosefs the gain and error covariance {Steps @351, 933R ) and 9 new sarople is obtained (Step
Y00}, This is repeated until a valid instantaneous power measurement is obtained (Steps 9301,
Y30R}).
1688166]  Onec a valid instantancous power measurcment is obtained, the algorithm computes
the gain required fur the Kalman filter (Steps 2401, 940R), the running scund power cstimare is
apdated (Steps 9451, 945R), and the ervor covariance s updated {Steps 9301, 930R). Finally, an
apdated sound power estimate is delivered and sent to the handheld computing device 5060 for
processing and display.
{80167}  Having deseribed a preforred embodiment, it will become apparent that various
modifications can be mude without departng from the scope of the inventon as defined in the
accompanying claims. in particular, the components of the present inveniion, described herein
and 1n the aceompanying drawings, may be used m diffcrent configurations und combinations

than described in the examples deseribed above, The arrengernent of seed tubes, blower fans,
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manifolds, and other components can vary significantly from one air seeding system to the next.
The present invention can be casily adapted o thesc alicrnative configurations without changing
the inventive concspts presented herein,

{80168]  Also, as previeusly discussed, the components of the present invention can be
adapted for use in other material flow applications. One such application previously discussed in
this specification is & grain loss sensor, where acoustic sensors may be used {perhaps i an array)
to detect grain falling from the back of a combine. In the grain loss application, the air flow
estrictors of the present invention would not be used, but versions of both the acoustic sensors
and blockage monitoring nodes would be employed. These componenis could be used simifarly
i aoy system in which an aracunt of material s Howiog through a systent,

{88169]  Vehicle Gareway Module [660 (Alternative Embodiment or Aspect)

{80170]  Referring now 1o FIGS. 1§ throogh 248, FIG. 15 i a software architecnre diagram
showing the various layers of software resident in at feast one embodiment of a vebicle gateway
module. In thes view, the physical gateway wodule 1600 18 shown as a dashed line o indicate
that the software lavers depicted represent vanous pieces ot software embedded within the
gaweway module 1600, Additional detail on the gateway module 1600 {the hardwarcy will be
presented in FIG. 16

{89171]  The software architcctre of af feast one emmbodiment ot a gateway module 1600
inchudes a hardware interface layer 1300, which inchudes routines for interfacing 10 and
conirolling the various physical hardware devices and components that will be further explained
in connection with FIG. 16, The hardware intertface layer 1500 is essentially the firovware that
controls the primary functions of the physical hardware components.

{B8172]  The architceture alse contains an IS0 11783 software layer 1400, which is
responsibc for creating proprictary messages 1420 i ISO 11783 format. The messages 14290
can be used to controf functions on the vehicle or an artached implement, or 1o recetve
information from the vehicle or the attached implement. The {SO 1783 fayer 1400 can also
create or recetve Virtual Terminal messages 1440 (messages that match the Virtual Terminal
protocel specification of the SO 11783 standard), such that it can communicate with any
attached standard Virtual Terminal. The ISO 11783 {ayez" {400 is responsible for translating
messages and data back and forth between 1SO 1783 formar and other forms which may be
used by the gateway moduie 1600, such as information reecived by the gatoway module 1660

trom gcac of the wircless networks with which i 1s communicating,
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{80173 ISC 11733, also known as ISO BUS or ISOBUS, is 2 conunon comnumication
protocol used by the agriculture indusiry, and is based on the 11939 Coatroller Arca Notwerk
(CAN} protoce! published by the Sovicty of Autometive Engincers {(SAE), The 1SO 11782
standard specifies a serial data network for control and communications on forestry and

agricultural vehicles and implements. The ISG 11783 standard consists of several “parts”™, each

the Virtual Terminal standard. By providing a gateway module which can convert berween the
tvpe of messazes amd information typically sent over a wireless network used by a mobile device
inte a standardized protocol used by a Virtual Terminal, it is possible for the mobile device w act
as a Virtual Tereinal, or for the nwbtiie device to provide control directives to 2 vehicle in the
same way that an operator would through the use of a Virtual Terminal

{66174]  The use of ISO 783 in FIG. 1S and in all examples throughout this specification is

&
==
&
s
=

intended to be exemplary ondy, and is in no way limiting. Any standard protocol may by
inchadiog a future protocel. Theretore, the use of ISO 11783 can be replaced with any
appropriate standurdized communication protocol without deviating from the mntent of the
mvention described herein.

{B88175]  The software architccture of the gatoway module 1600 contains 2 web interface layer
1300, which has software which can intcrprat tnicret coramands such as these written in HTML
{hypertext markup language), the language upon which most webpages are written and buiit.
HTMLS, the fifth revision of the HTMLU standard, is currcotly under development and wiil
incluide many new syntactical feanires which allow rbe ecasier implementation of multimedia
features. This web interface layer 1300 allows vehicle-specific and thivd-party web-based
applications to be cxceuted on the gateway module 1600,

{00176 Panticularly, a vchicle control application 1100 is provided 10 allow accoss to cerrain
vebicke and implement subsystoms and date, s well as control of certain subsysteros, Requesis
are made by the vehicle conwol applicanion 100 in the form of a web-style request {an HTML
command) through the web imerface layer 1300, shich s received by the [SO 11783 taver 1400,
which transiates the request into 1S 117583 format for transmittal on one of the vebiele's
communications busses. Information s retumed to the vehiele control application 1104 via the
reverse of this request path.

{01771 Similarly. applications provided by third partics (such as vendors of sced requesting
data on seed usage from a planter, for example) can gain access 1o data contained within the

gateway module 1600 by making requests through the third-party applicarion interface fayer
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1200. These requests by third-party applications are passed down from a cloud or intetnet server
as will be deseribed in additional detait 1n FIG. 17.
{81781 Inaddition m accepting and processing requests made by third-party applications
passed down from the cloud server, the third-party application interface layer 1200 albso allows
third-party applications w be hosted directly on the gateway module 1600, This means that an
original equipment manufactorer (OEM) using a version of the gateway module 1660 can create
variations of the control sofbware as required to operate their vehieles and implements and can
install them as applications directly on the gateway module 1600, The thivd-party application
nterface laver 1200 has knowledge of function calls availablc within the vehicle control
.1ppbcanun FEGO that alfow it w aceoss desived functions,
081791 FIG. 16 15 a bigh-level hardware block diagram iHustranmg the physical hardware
components of at least one embodiment of a vehicle gateway module. The gateway module
1600 contains a power supply 1640 which mavages the input power to the gateway module 1600
and steps the power level down and conditions the power appropriately for the various
subcireuits in the gateway module 1600, The power supply 1640 may also supply power to
gther, external systems through one or more power putputs 1680, which may, for cxample, be
sensors or other modules which require a power supply with a voltage or other characteristics not
otherwise available on rhe vehiele.
[80180] A processor 1620 serves as the primary control for the gateway module 1600,
executing the embedded sofiware and contraliing the functions of the system including the
module 1600, The gatoway module 1606 has serfal communications pors 1616 for sending
nessages to other parts of the vehicle systent. Serial communications on the vehicle may
include, but are not limited to, 1ISO 11783 messages. CAN mossagoes, and other proprictary
mossages in 2 serial format,

{89181} wireless communications circuitry 1630 is used to conirol the exchange of

mformation with various wireless networks, which may inchude but are not hmited to 1EE

®2.11, WiMAX, Bluctooth, Zighes, or any other appropriate wireless conumunications protocol.

Onc or mors cellufar modems 1630 are provided to allow the gateway module 1600 fo

compunzicate via celfulur networks, The gateway modude 604 can mclude a global navigation

satelbire system (GNSS) transceiver 1635,

184182]  The gatoway module 1600 can provide control to 2 vehicle ur receive inputs froma
vehicle using digital and analog inputs and outputs 1660, the number of which can vary (from

zero o several of cach type) based on the needs of the system. The gateway module 1600 may
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also have g pumber of motor drive circoits 1670 that can be used to engage motor drives ona
vehicke or tmplemear,

{89183 Ut should be voted that the block diagram shown in FIG. 16 is one cmbodiment of 2
gateway module, and s pot meant w0 be Hmiting in any way. Variations can be weade to the
munber and types of circuits incladed without deviating from the tnventive concept. For
example, a gateway module embodiment with no digital and analog inputs and cutputs and no
motor drive circuits would still meet the intent of the fnvention deseribed hercin. There are other
variations possible which can be made. as well. while still maintaining the concept of @ module
which provides a bridge or franslation pathway between hard-wired, vehicic-based or
application-based communication busses and wireless networks,

{00184}  FIG. 17 s a system architecture diagram showing one embodiment of a vehicle
gateway module interacting with vther components in the system. Central to this system is a
garcway module 1600, such as those described in the embodiments shown in FIGS. 15 and 16
previously. This gateway moduic 1600 is atrached to the subsysterns of 2 vebicle or timplement
1700 via a proprictary communications bus [425, such as the {SO 11783 bus shownin FIG. 17
{akthough. as previcusly stated in this specification. any appropriaic communication standard
could be used in place of ISO 11743}, A virwel wrminal 1710 is opticnally conmected to the
gateway module 1600 via a communications bus 1445, such as an IS0 11783 bus over which
virtual terminal commands may be sent. {t should be noted that. althoegh a virtual terminal
standard {mecting [SC 11783, Part 6. as described previously) is shown in this oxample
iHlustration, any other appropriare type of display which can receive and send information viz a
standard, published protocel can be used in place of the virtual terminal without deviating from
the invontion.

{B0185]  The gatcway module 1600 optionally communicates with onc or more mobile
devices 1720 {such as a smoart phone, tablet computer, notcbook computer, eic.y over a wireless
copununications means 1725 such ag an IEEE 802,11 connection or any appropriate wireless
cunnection. A user operating the mobile device 1720 can use an application running on the
devive and written specifically for the vehicle or application on which the gateway module 1600
1s mounted for accessing data and controlling the vehicle by ssuing wireless commands, The
commands can be tramslated inte standard protocol messages for the vehicle, as proviously
desceribed in the detailed deseripaion of FIG. 15 and FIG. 16.

188186]  in this way, the mobile device 1724 can actoally be used 1o place of the virtual

|

terminal 1710 as the prmary display and control interface to the velucle andior the implement
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attached to the velucle. This allows the operator to replace a potentially expensive piece of
hardwarc (the virwal terminal 1710) that was specifically designed for use in the vehicle with an
inexpensive and multipurpese mebile devics that the operator may already own for another
purpose. This also has the added advantage of atlowing the operator to leave the cab of the
vehicle with the display (in the form of the mobile device 1720, instead of the hard wired virtual
terminal 17103, which gives the operator greater freedom and enables foatares that could ot be
done with a permanently-mounted, single-purpose display.
{80187 fn addition to cpabling communication with one or more mobile devices 1720, the
gateway medule 1600 aliows the vehicle o communicate with a cloud server 1730 over a
wircless communication means 1735 such as a cellular network (or any appropriatc wircless
protocol). The cloud server 1730 is an intermet-based set of resources thar comprises one or
more physical servers and which can draw upon additional resources as the need demands, The
cloud server 1730 may optionally offer a single company-hosted database which stores
nformation collected from a flect of deployed vehicles snd/or implorents. cach with their own
gateway modules 1604, or the cloud server 1739 can provide direct access 10 a number of

extornal applications 1740 (shown here as 1740A through 740N, but collcctively referre

o as

e

1740} over a scparate communication moans 1745, Communication means 1748 may be
implomented as a wireless connection (such as a ccliular connection or any of the various
wireless network protocols available) or as @ wired connection to the imernet and the cloud
server 1730,

T
/

{80188]  These external applications 1740 cap make requests through the cloud server 173010

the gateway module 1664, These requests are teceived by the gateway module 1600 through the

third-party application interface 1200 {FIG. 15) and arc translated into machine-specific requests
as previeusly described in this document.
180189]  Examples of external zpplicatons 1740 may include, but are not fimited 10, the
following examples:
Prognostics/Diagnostics Application: An original equipment manufacturer {OEM) of a
vehicle such as a tractor could reccive information directly from a deploved fleet of
gateway modules thar would allow them to monitor the failure rates of componenss
across 3 fleet and eventually have enough data to predict when these components should
be replaced and notify the customer to replace or scrvics the parts before they actually

faid, reducing downtime and cost,
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Remote Vehicle Access: Monitoring vehicle items such as position, speed, tirg pressure,

oif pressure, engine temperature, RPM, cte.. and ercating a log of the usc ofa vehicle.

Seed and Chemical Usage: Supplicrs, such as seed compantes, distributors of ferilivers,

herbicides and pesticides, and others can receive reports directly from machines with

gatoway modules reporting the quantities of each item used per acre, and can analyse this

data for rrends.
88196] it should be noted dhat some cmbodirnents of the system of FIG. 17 will used both 2
virtual terminal 710 and one or more mobile devices 1720 in conjunction. This syste
cmbodiment may require an application or seftware to manage the handoff of primary control
between the hard-wired virfual rerminal 1710 and the mobtle devices 1720, FIGS. 17A-17E
detail possible embodiments of security and safety schemes for managing this handoff. it should
be noted that providing security and safety schemes such as those described enables additional
system functionality, including the handoft of control from the ou-board system fo a second
system, external to the vehicle system entirely. For cxaraple, as shown in FIG, 170, it would be
possible for an operator of 8 grain truck o control the unload auger on a combine. W enable the
ransfer of harvested crop from the combine to the grain truck without roquiring an operator in
the harvester. Anideal systom should alse protoet against the inadvertent activation or hijacking
by a non-authorized external systom. W turn now to FIGS. 17A through 17E.
{B6191]  FIGS. 17A and 178 show a use case diagram showing possible interactions betwaen
a hard-wired display and one or more mobile devices, as well as the human operator, when the
mobile device is to be used ux the promary systom display. FIG. J7A shows the actors in a
system which include a virtual terminal (or, more generically, a hurd-wired display) 1710, one or

wre mobile devices 1720, and 2 human operator 1754,

[86192]  in this initial statc, the hard-wired display 1710 is acting as and designated the
“primary display™ 1714, and the mobile device 1720 ts acting as and designated the “secondary
display” 1716, The definiion of “primary display”™ as used in this context is the display through
which the operator can command changes to the vehicle system {soach as turning a subsystem on
and off, commending state changes, ¢te.y A “secondary display™ in this contexr is a display
which cannot be used currently to command changes o the vehicle system. & secondary display
can reecive data from the vehicle system and provide readouts and data based on that duta, but a
sccondary display is not aliowed to vommand changes direetly.
1891931 For additons! clariry, alternate tevms for “primary display™ and “secondary display”

that have been used in the past are “master display” and “slave display.” respectively. The terms

J
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“master” and “slave” can carty negative connotations, however, because of reminders of and
allusions to human slavery, and so these terms have fallen out of fashion and are rarely uscd
today. The reference to these terms s providesd for completeness and to avoid ambigeity. These
terms will not be used again in this specification and are provided only for additional hasteric
background.

{80194]  The human operator 1750 decides that he or she would ke i use a mobile device

1720 as the primary display [Step 173C-1] and uses the mobile device 1720 o initiate a request
for control. The mobile device 1720 sends a request for control [Step 1750-2] 1o the hard-wired
display 1710, The hard-wired display 1714 reecives the request and, assuming the current
system state allows conrrol by a mobiic device 1720, the hard-wired display 1710 displays a
message 1o the operator 1750, who must then provide manual approval for the change in primary

display status [Step 1750-31. The hard-wired display 710 then relinguishes control to the
mobile device 1720 [Step 1751

{00195 1t should be noted that the transactions shown in FIG. 17A represent one possible
embodiment of the system, and one skilled in the art should see that it s possible to modify the
steps shown without deviating from the ntent of the current invention. For example, 1 may be
possibic for the change is display status could happen without requiring approval by a human

G

opctator 1750, That s, Step 1750-3 as shown in FIG. 17A may not be nevcssary if enougl
intelligence is built into the gateway module 1600 (shown in FIG. 171
[66196] It is also important to know that the requests and messages shown passing batween
the hard-wired display 1710 and the mobile device 1720 do not nevessarily pass directly between
the displays, but are m reality passed mio the gateway module 1600 as shown n FIG. 17, Inthe
embodiment of the system shown in FEG. 17, it s actually the gateway module {606 thar
ranages the interactions with the displays, using the hard-wired display 1710 and mobile device
1726 as the nterface 10 the huroan operator 1730, The arrows shown in FIG. 17 A, therefore,
should not be seen as the direet transfer of data among the actors in the system, but as the hand-
off of control within the system,
801971 FIG. 178 is a second use vase diagram showing possibie nreractions berween a hard-
wired display. one or more mobile devices, and the human operater. FIG. 17B s similar to FIG.
17A except that the moebile device 1720 b now designated as the primary display 1714, and the
hard-wired display 1710 is now designated as the sceondary display 1716, Beocause of this
L6

change is dexignation, the inreractions between the system actors are slightly different. Cne

2

major difference in this new system configuration is thar contrel can be shifted from the mobile
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device 1724 to the hard-wired display 1710 simply by tuming off the mobile device 1720 ot
commanding it to relinguish control {Step 1750-7]. This functional differcnec is based on the
tact that the bard-wired display 1710 is au iastalled part of the overall system and thus is the
defauit point of conrrol (the primary display 1714} when a mobile device 1720 with conmol loses
power or connectivity.
{860198]  Optionally, the human operator 1750 can use the bard-wired display 1710 as an
nterface to demand controf back from the mobile device 1720 {Step 1750-5]. The hard-wired
display 1710 then seizes comrel back from the mobile device and informs the mobile device tha
it is taking control {Step 1759-6]. The mobile dovice 1720 then relingeishes coniral 1o the hard-
wircd display 1710 [Step 1750-8].
1881991 FIG. 17C is a state transition dlagram for gne embodiment of an application for
managing the handoff among a hard-wired display and one or more mobile devices. T we took
first at FIG. 17, we sce that the gatoeway module 1600 is connected o the virtual terminal (hard-
wired display) 1710 by a hard-wired conpection 1445, snd also to one or more mwobile devices
1720, This position with a comnection 10 all system displays allows the gateway module [600 @
serve as a manager for the handoff of control between displays. The gatcway module 1600 1
called the “gateway™ as it controls the interface fron the oxternal world into the internal world of
the machines subsystems 1700, Thercfore, in sennce cmbodiments, the gateway module 1600
contains an additional layer of software specific ¢ managing the handoff of control between
displays. The overall concept of this software for managing the handidf of the primary display
designation is provided in the state transition diagram of F1G.
{80200]  FIG. 170 shows theee possible states for gateway module 1600 when determinmg
which display is the primary display. Atsystom start-up 1800, the gateway module 1600
defaults 1o state IR0 {the hard-wired display 1710 takes control immediaclyy. In the case when
& mobile device 1720 asks for conmrol and the hard-wired display 1710 approves the request
trransition 1812), the system moves info state 1840 (the mobife device 1720 becomes the
privaary display),
{86281  When the system is in state 1840 and the mobile device 1720 drops our (that s, it
loses power or connectivity, or 1s shut off one of two things may happen in the state tansition
diagram. {f the mobile deviee 1724 drops out and the hard-wired display is present (iransition

1814}, control returns by defaudt o the hard-wired display and the systom eaters back into staic

1810, If. bowever, the moebile device 1720 drops cut and the hard-wircd display is pot present

(that s, it has gone offline, fost power, or is otherwise unavailable, transition {818}, then the
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system moves info a safe state, state JRR0, and stays in state 1830 until the system is powered on
and off or uvtherwisc reset. [t should be noted that state 1380 can also be entered from state 1810
i the hard-wired display 1710 stops fun Ltioning for serue reason {transition 1820}
1092021  When the mobile device 1720 is the primary display {state 1840}, the maobile device
172 may alse release control on purpose {transition [R16) and return control to the hard-wired
display 1710 {returning to starc 1318). Finally. il is possible that, when the systent is in staie
1840, a second mobile device 1720 muy request control from the currcat mobile device 1720
(transition 1822}, When this happens. the system returns 1o state {840, albeit using @ new and
difforcat mobile dovice 17290 now.
[60203]  FIG. 17D 15 a block disgram showing how ap externs! device might request and be
granted conrrol of subsystermns on a system of which it s not 2 part. An cxternal device 1909,
such as a mobile device gperating from a separate vehicle (not part of the original vehicle
system} can communicate wirelessly 1725 1o the gateway module 1600, An example of this is
when the driver of 8 grain truck pulls up beside a combine to unload grain from the combine info
the truck for transport to a storage facility. Under the embodiment ot the present invention
shown in FIG. 17D, an operaior in the grain tuck can use the external deviee 1900 (such as a
snxart phone or other mobile device) to operate the unload weger on the combine remotely,
without having to exit the grain truck o onfer into the combine cab. The gateway module 1600
must now determine whether the mobile device 1720, the virtual terminal 1716, or the newly
introduced external device 1900 shouold be the primary display. The state transition diagram of
FIG. 17C could be used to perform this determination. where the external device 1900 of FIG.
17D would be treated as one of the mobile devices 1720 present, as if it were part of the original
systom hosting the present invention.
{86204]  If the gateway module 1600 determines that the oxtornal device 1904 should be
designated as the primary display, then the gateway moedule 1600 may decide 1o Himir the
accessibility to the vebicle/implement subsystems 1700, For instance, maybe the gateway
module 1600 would only grant access to the subsystemn for controlling the auger, and ngt to any
other subsystem,
{B02051  This selective, mited access granting suggests that multiple “security schernes” can
be put in place for the sharing of system privifeges, or limiting access based on role or need.
FIG. 17E shows a table describing pessible sccurtty modes in which the systom of the preseat
invention might operate, granting vortain privileges to system actors based on pre-defined

condinons or suenarios.
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{86206]  The first entry ip the table of FIG. 178 is a control scheme called “role-based
sceurity.” Under this scheme, the gatoway modute 1600 will grant access to only the vebicle or
implement subsystems 1700 need to fulfiif a cortain role. As described in the previsus two
patagraphs, for example, perhaps the gatoway modute 1600 would only give acoess to the auger
comtrol functions because it knows that the requesting device is filling the role of “grain truck.”
[882071  The second eniry in FIG. 17E is “conditional security,” so nanied beeause access 1o
certain subsysterus will only be granted w a requesting device when a certain condition exisss,

For example, the gateway modale 1600 may decide not to give access 1o dangerous subsystems
o 7 v bt )

(such as the ability to spin the shaft of a power sake off, or PTO, shaft) o a mobile deviee 1720

a

when the operator is not in the seat of the vehicle. This can be used as a safery feature to Himit
control of the vehicle when the location of the operator 13 1n question,

[80208]  The third entry is “pre-approval security” whereby the operator can put the current
primary display into a mode where it knows 10 cxpect a request to relinquish coontrol, thereby
granting pre-approval o the display. In this mode, for example. an operator in the cab of the
vehicke ean usce the hard-wired display 1710 o pre-approve this own mobile device 1720, Then
when the operator Icaves the cab with the mobile device 1720, he or she can use the mobie
deviee 1720 to request control, knowing the request will be approvad (and that no other dovies
can “jump in front” of the operator’s deviee befire the eperator makes the request).

113

{00208]  The fourth tvpe of control scheme is “manual approval security.” Under this scheme,
the hard-wired display 1711} stays i control as the primary display, but allows the secondary
displays to roquest the ability to do things, sach of these requests requiring approval by someone
at the primary display in the cab. This mode might be useful for allowing two people (one in the
cab and vne external with a mobile device) to work in conjunction whilce preventing dangerous
sitwations in which two displays arc trying to control the samc subsysicm.

o

100210]  Finally. the fifth example of a control scheme or sceurity mode 1s “shared operations
security,” in which twe or mote separate displays share access simultancously w the vehicle
subsystetns, but each separate display has access 1o and control of a different, muniaily exclusive
set of subsystems/eatures. That is, if two displays are used simultancously, display | may
centrol system features A and B, and display 2 may controf system features Cand D, Each
systom [eature would only be controlied by a single display at any given time,

[89211]  1twould be obvious to onc skilled in the art that thore arc other types o control
sehiemes that arc erabied based on the systern architecture of the prosent invention, and that the

examples n F1G. 17F are not intended 1o be funiring.
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{00212]  Finally, although the examples provided in this document desceribe the hand-off
between a “hard-wired display” and onc or mere “mobile dovices™, it should be noted that this
inveniion coulid be baplomented with any of the following pormutations without deviating from
the intent of the present invention, These permurations are as follows:

e All uf the “primary display(s)” and the “secondary displav{s}” are hard-wired into the

vehicle.

s All of the “primary display(sy” and the “secondary display{s}” are wireless.
»  The default “primary display{s)” are hard-wired and the “secondary displaysts)” are

wircless.
s The default “primary displayis)” are wireless and the “secondary displays(s)” are hard-

wireil.

[692131  Other external applications that might take advantage of the present invention may
be suggoested through the deseription of an cxample operational scenario, which will be done
through the description of FIGS. 1%-23. The remaining figures show example embodiments of
applications or application inferfaces as they might appear on a mehile computing device when
used with the vebicle control and gateway medule of the present invention. These 1mages and
the corresponding descriptions are pot meant 1o be limiting in any way, but show only potential
embodiments of application menes and sereens that the use of the present invention would
enable,
{60214]  FIG. 18 is an cxample cmboediment of an application interface for an operations
scheduling tool for use with the vehicle control and gateway module of the present invention. A
mobile computing device 1720 offers a display sereen 1010 which may be the primary interface
to the user, displaying graphical and textual information and providing a touch screen input
interfuce. The mobile computing device 1720 has a power switch 1722, The wop of the display
screcn 1010 typically has an optional information bar 1012, which is a displayed graphical
banner which helps describe the curreny window or foformation being shown in the display
screen 1010, This operations scheduling tool embodiment would allow an operator 10 access
information refated to available workers, vehicle status, and project completion percentages. A
list 1014 of scheduled acrivities for the day is displaved. This list of scheduled activities 1014
would display items that have been accessed from the cloud server 1730 as deseribed in FIG. 17
{00218} Similarly, the application could remutely access weather conditions and other
nformation at 10164, 10168, und access a scheodule 1014 of available workers to see who is

available, who is currcutly working on a job, and who is on vacation or otherwise sot available.
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An add menu 1619 allows the user to schedule new operations 1o the schedule. The add menu
1019 consists of an operations submeng 1020, a vehicky/implomoent submeny 1422, and an
eperational status submenu 1024, The operations submeny 1026 aliows the user to enter
information on the new operation being scheduied, such as type of seed. name and location of
the field, and date and time of the operation. The vehicle/implement submena 1022 allows the
user t choose the vehicle and the implements to be used. The operator assigns the operation
using the suhmenu 1022, The apcrational status submenu 1024 accesses information oo the
vehicle andior implements through direct communications with the velucle and frapiements (or
indircetly through the cloud servery and displavs it to the user, such that the user knows if
maintenance s requited before a task can be started, or if there arc any existing issucs with the
vehicle or toplement.
86216]  TIG. 19 shows an exemplary emboediment of an applicanion interface for an
operations map tool for use with the vehicle control and gateway modale of the present
invention. A mobile computing deviee 1720 offers a display screen 1010 which may be the
primary nterface to the user, displaying graphical and textual information and providing a touch
screen input interface. The mobile computing device 1720 has a power switch 1722, The top of
the display screen 1010 typically has an optional information bar 1012, which is displaycd as a
graphical banner which helps deseribe the current window or information being shown inthe
display screen 101}, The display sereen {016 on the operations map ol will typically show a
map or saicllite image of an arca containing farm land, buildings. roads, and other objects related
to the operations of a farm. It should he noted at this point that, alibough the cxamples focladed
in this patent specification primarily deseribe an agricultural operations scenane, the concepts
captured in this specification could be applied equally well to other applications, such as the
operation of a track floct, or maintenance operations at a large outdoor park.
1892171 The map or image displayed ov the display screen 1010 may show one ot more
active tields 1026, where agriculraral or other operations may be scheduled. These fields 1026
may be shaded in different textures or colors such as 10344 and 10348, where # certain texture
ot color 1034A/10348 may indicate a starus of an operation on that field 1026, Forexample, a
ficld 1026 displaved with color F034A may indicate that the operation scheduled for this
particular ficld 1026 iy compileted. while a ficld 126 displayed with color 10348 may indicate
the operation schedoled in that ficld is currently undenway or partially complete.
{0218]  The bwage may also display real objects n or near the ficlds 1026, such as trees 1030

and roads 1032, Superimposed on top of the Bnage are small location indicators 1028 which
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denote the location of actual vehicles or implements that are currently depluved in the fields
1026, By hovoring over or clicking on one of these tocation indicators 1028, an information tag
128A may be displayed, offering additional informxation on the vehicle or ioploment at that
specific location.

{90219]  FIC. 20 is an example embodiment of an application interface for an implemen:
information tool for use with the vehicle control and gateway module of the present invention, A
mobile computing device 1720 offers a display screen 1010 which may be the primary interface

to the user, displaying graphical and extual information and providing a touch screen mput

interface. The mobile computing device 1720 has a power switwch 17220 The top of the display
sergen 1010 typically has an optional information bar 1012, which is a displayed graphical
banver which helps describe the current window or information being shown m the display
sereen 1010, The display screen 1010 on the implement information tool may provide a job
startup checklist 1036 to allow the vser w step through a series of sereens to scl the vebicle fora
speeific operation. The display screen 1016 for the tuplement information tool may also provide
an implement information window 1040 which provides status information obtained from a hive
vonnection o the implement (which could also be done with a vehicley. Virtual controls 1038
along the bottom of the screen alfow a user 1o jump to other windows or appiications quickly.
These virtuat controls 1038 can be displaved on any applivation to allow 2 means of jumping
between application pages.

002281  TIG. 21 is an cxample embodiment of an application inferface for a virtual dashboard
display for use with the vehicle conirol and gatoway module of the present invention. A mobile
computing device 1720 offers o display screen 1010 which may be the primary intertace to the
sser, displaving graphical and toxteal information und providing a fouch seroen nput nterfacc.

The mobilc computing dovice 1720 has a powcer switch 1722, The top of the display screen 101K

rypically bas an optional informadon bar 1012, which is a displayed graphical banner whic!
helps describe the current window or information being shown in the display sereen 1010, The
display screen 1911 on the virtuel dashbeard display can be used to display information received
from the wactor, from the implement, or from an external application, cither as standard protocol
messages as described 1 FIG. 17 or through a wireless or wired interface available to the moebile
deviee 1720, As it ix a virteat display, the information reccived can be displayed in virtually any
appropriatc format, which may include a vehicle speedometer/tachometer 1042, or any of a
mumber of possible gage types, such as those shown in FIG, 21 at 10444, 10448, and 1044C.

The applicarion can allow an operator to define how their personal virtual dashboard will look by
i J
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adding, deleting, and moving gauges, readouts, and controls to their liking. Virtual controls
1038 may be otfcred to allow the user to jump o another sercen or application gquickly.
82211 FIG. 22 s an exanwic ambodinent of anapplication interface for a blockage
monitor. A mobile compuring device 1720 offers a display sereen 1010 which may be the
primary interface to the user, displaying graphical and texraal information and providing a wuch
screen input interface. The mobilc computing device 1720 has a power switch 1722, The top of
the display sereen 1010 typically bas an optional information bar 1012B (similar to information
bar {012 shown in FIGS. 18-21, but with different display and funcrional aspects presented on
the screcn shown in FEG. 22} which is a displayed graphical banner associated with the cureent
window or information being shown in the display screen 1010, The display sereen 101 on the
blockage monitor displays a warning feon 1046 when a blockage oceurs £xuch as an air seeding
machine blockage on an implement). The warning icon 1046 muy indicate the number of sced
mibes blocked and other conditions, and can display a numbser associated with the graphical
warmting mage. In addition to the warning icon 1046, the display sereen 1610 may offer wous
which hink to other wols which may help with the blockage situation, such as a meter roll tool
1048, In the main area of the display sereen 1010, a graphical image representing the manitolds
1030 of an afr sceder is5 displayed. Additional biockage indicators 1032 show which of the
dispiaycd tubes on the manifoids 1050 are currently showing blockages.
[66222]  When a blockage actually occurs on an air seeding machine using the current
invention, the user can stop the vebicle, undeck the mobile device 1720 from the vehicle cab.
amd carry it with them fe the implermaent. The mobile device 1720 can then be used 1o execure
diagnostic tests on the implement, aecess schematics of the implement or vehicle through the
connection to the cloud scrver, make a request for a part or service 1w an online provider, or cven
have a live chat with semconc who can assist in the repair. FIG. 23 shows onc cxample of an
application that can be used to test the functionality of the implement attached o the vehicle
while standing next 1 the implement, holding the mobile device and wsing it to execute a
diagnostic test on the implement.
{66223}  FIG. 23 s an excraplary embodiment of an application interface for a meter roll
apphication for use with the vetucle control and gateway module of the present invention,
demonstrating the incorporanion of an operator safety feature into the systen. The application
shown in FIG. 23, like thosc shown ia the proceding figures, is one of many similar applications
that can be executed using the mobie device to access the vehicle contral and garewsy moduie

over a wireless connection,
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{88224] A mobile computing device 1720 includes a display screen 1010 which may be the
primary interface to the uscr, displaying graphical and toxtusl information and providing a touch
sereen input tuerface. The reobile computing device 1720 has a power swirch 1722, I this
exemplary application, the operator can stand outside of an air cart {an implement consisting of a
hopper which can drop seed and other material from the hopper down through a “meter roll” into
an air strcam for secding or into an unloading auger), and can usc the mobile computing device
1720 to calibrare the mweter il The apphication on the display screen 1016 offers a meter roll
gauge 10354 which shows the percent to which the meter roll has been engaged. Tt is typical in
these systeims that, in order o calibrate the moter roll, the meter must first be “primed”, which
means i must be full of seed or other materizl. The application shown in FIG. 23 provides an
interface to the vehicle comrel and gateway module that allows the merer roll to be spun a few
fmes to ensure that it is filled with seed. Tn the application shown in FIG. 23, the meter voll is
cngaged when the operator pushes the screen 130 on the point marked 1056A and the point
marked 10368, By requiring the operator 1o engage oppusite stdos of the display sereen 1610 1o
engage the meter roll, a safety feature is provided prevenning the operator from accidentally
engaging the meter roil. Operators are thus prevented from activating the meter rulf while
aceossing the internal workings of the mcter roll mechanism.
[09228)  FIGS. 24A and 248 show a vehicie control system 1802 with a gatoway module
1304 embodying another aspect of the present invention. which can be mstalled on a vehicle
configured as a seeder, spraycer or other Hguid dispensing equipment. The vehicte can be a self-
propelled vehicle or a fowed imploment,
i Use Case Examples

{80226]  Use Case I Inploment/atiachiment with ECUs that have never been "pared” o a
Gateway.

Step 1 The vperator initiates the paiting mode on the Qateway {Aceess Point) from the

display ternunal,

Step 2 The Gateway changes 1is normal SSID {for example: GW FF21, where FF21 is

the serial numbery fo a the mxuall; oded S35

GW_FF2L XK YYYYYY _#dimmaaiined where gt is the secunity key

of the notwork, XXXX is the implement/attachment manufacturer ID and YYYYYY &

the implement/attachiment serial number,
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Step 2: The Wi-Fi ECUS on the boplementattachment are actively looking for a Gatewuy
to pair with {since they arc un-paired) find the specially code SSID being broadeast and
request to join the Gatoway using the SR1D and seeurity key.
Step 4: Once the Wi-F1 ECUS have joined the Gateway and gained network fevel access
they send the Gateway messages requesting application level access.
Step S The operator s notified that Wi-Fi ECUs would like to pair and they can acoept
or deny. The list of ECUxs could be checked ngainst what is known to be registered on a
particular implement/attachment.
Step 6: The operator accepts the pairing roquest.
Step 7: The Gatewny sends 2 notification fo cach ECU that s request for application
level access has been granted.
Step 8: The Wi-Fi ECU stores the "paired” SSID inte its non-volatile memory,
Step 91 The operator feaves pairing mode and returns to broadeasting its normal SSID.

Step 13 The Wi-Fi ECU conneets o the network broadeasting the stored "paired” SSID.

(802271 Alternative Path:

Step 6: The operator denics the pairing roquest.

Step 7: The Gateway seads a notification o cach ECU that its roquest for application
loved access has been denied,

Step 8: The Wi-Fi BCU will not try to pair with the SSID again until power it is power

cyeled.

{08228  Use Case 2t Imploment/attachunent with ECUs that have been “patred” to a different

Gateway.

Step i: The operator initiates the pairing mode on the Gateway from the display terminal.
Step 2: The Gareway changes its normal SSID (for example: GW _FF2I, where FF21 is
the serial number) 1o the specially coded SSI3

GW FF2E XXXN YYYYYY #

Hind where S s the security key
of the network, XXXX is the implement manufacturer [D and YYYYYY is the
implement/attachment scrial number,

=L sean for available SSIs.

Step 3: The Wi
Step 40 The Wi-F1 ECUs sce the specially coded SSID being broadeast and roquest 10 join
the AP using the SSID and sceurity koy.

Step 5: Once the Wi-Fi ECUs have joined the AP and gained network level secess they

sevid the gateway messages requesting application level access.
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Step 6: The operator is netified that Wi-Fi ECUs would like to pair and they can accept
or deny. The list ot ECUs could be cheched agamst what is known to be registercd on a
pasticular implement/attachmont.
Step 7: The operator accepts the pairing request.
) Step 8: The Gateway sends a notification to each ECU that its request for application
jevel access has been granted.
Step 9: The Wi-Fi ECU stores the now "pamred” SSID into its non-volatile memory,
Step [0: The aperaior leaves pairing mode and returns o broadeasting its normal SS5TD.
Step H: The Wi-Fi ECU connects to the network broadeasting the stored "paired” SSID.
10 {89229 Alernative Path
Step 7: The operator denies the pairing request.
Step 8: The Gateway sends a notification to each ECU that its request for application
level access has been denied.
Step 9: The Wi-Fi ECU will not try to pair with the $81D again untif power it is power
15 cycled,
Step {0 The Wi-Fi ECU attempts o juin the network with s proviously stored SSI1D if ke
is being broadeast.
{$62307  Usc Casc 3: Equipment wishes to use an implement/attachment that it s “paired” to,

Step 1 Gateway begins broadcasting its normal SSID.

20 Step 2: The Wi-Fi ECUs scan tor availalde SSIDs.
Step 3: The Wi-Fi ECUs see the SS1D of the Gateway they are paired to.

Step 4: The Wi-Fi £CUs request to join the S5TD with the stored securtty key.
Step 3: The Gateway aceepts the request.
{9231]  UscCase 4 ECU needs to be re-registered (Lo moved from one implement o
25 another or instzlling a replacement),
Step 1: The operator mnstalls the ECU onto the implement/attachment.

tep 20 The operator powers up the equipment and inplement/attachment.

w

>

931

tep 31 The operator enters the implement/attachment manufacturer 1D,
implement/attachment serial and ECL serial number / network 1D into the re-registration
20 interface.
Step 4: The operator initiates ro-registration mode for an ECU with scrial number or

network D XXXX,
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Step 5: The Gateway changes its novmal SSID (for example: GW T

tire serial numbor) to a the spevially code SSID GW_FF21 NXXX #iwss

H#HFHE where

s the security key of the nerwork and XX XX is the serial number or

network 1D of the ECU as shown on its fabel, enclosure efe.
Step 6: The Wi-Fi ECUs on the implement/attackment scan for availabie S37Ds.
Step 71 The Wi-Fi1 ECU with the serial aumber or network 1D XX XX sees the speeial re-
registration SSTD and joing the AP, All other Wi-Fi ECUs ignore it,
Step §: The Wi-Fi £CU sends a request to the Gateway fur the manufacturing [0y and
scrial number of the implement/atiachment it is being registered on.
Step 9: The Gateway seads the manutacturer ID and serial number that the operator
entered for re-registration moda. {This information could potentially be sent up 1o the
cload).
Step 1 The Wi-Fi ECU receives the manufacturer 103 and serial munber and stores
them in non-volatile memory as well as the SSID of the Gateway for pairing.
Step t: The operator powers off the tmplement and rractor,
IV. Conclusion
{82321 The wireless connections to the vehicke, imploment, cloud scrver, and other wircloss
dovices and services enable the sysieo deseribed in the prosenr invention to completely intograte
operations with oniine schedule and status information, and provide access to appropriate parties

through external application interfaces,

{80233 While the invention has been d ith reference to exempiary embodiments, it will

viade and

ke understood by those of ordinary skifl in the paetinent art that various changes may ba

disclosure to a particalar object or situation witheut departing from the essential scope thereof,
Therefore, 1t is intendad that the claims not be limited to the particular embodiments disclosed as
the currently preferred best modes contemplated for carrying out the teachings herein, but that
the claims shall cover all embodiments falling within the true scupe and spirit of the disclosure.
(88234]  Itis 1o be understoed that the invention van be embodied in various forms. and is not
to be fimited to the examples discussed above. The range of components and configurations

which can be utilizod in the practice of the present invention is virtually unlimired.
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CLAIMS

What is claimed is:

1. A system for controlling dynamic equipment, which system comprises:

a first control terminal including a first display;

a second control terminal including a second display;

an electronic control module including a first connection to said first control terminal and a
second connection to said second control terminal; said electronic control module being connected
to said dynamic equipment and adapted for receiving control signals from said first and second
control terminals and controlling and monitoring one or more functions of said dynamic equipment
in response to said control signals;

a software algorithm hosted on said electronic control module and adapted to manage the
handoff of control of said one or more dynamic equipment functions between said first control
terminal and said second control terminal;

wherein said first control terminal is mounted on or within said dynamic equipment; and

wherein said dynamic equipment includes an agricultural vehicle and an agricultural implement
connected to said vehicle, said first and second control terminals being configured to control and

monitor said agricultural implement.

2. The system for controlling dynamic equipment of claim 1, wherein the first connection is
selected from the group consisting of a manufacturer-installed hard-wired connection, a user-

installed hard-wired connection, and a wireless connection.

3. The system for controlling dynamic equipment of claim 1, wherein the second connection is
selected from the group consisting of a manufacturer-installed hard-wired connection, a user-

installed hard-wired connection, and a wireless connection.

4. The system for controlling dynamic equipment of claim 1, wherein the software algorithm
considers the first control terminal to be a default control terminal, wherein control of the dynamic
equipment will automatically return to the first control terminal when the second control terminal

previously had control but is no longer able to maintain control.

Date Regue/Date Received 2021-08-23
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5. The system for controlling dynamic equipment of claim 4, wherein the default control terminal

has the capability of taking control back from the second control terminal upon demand.

6. The system for controlling dynamic equipment of claim 1, where the electronic control module

comprises a gateway protocol module and a subsystem control module.

7. The system for controlling dynamic equipment of claim 6, wherein the gateway protocol module
is adapted for transmitting and receiving data on the first connection and on the second connection,
and where the subsystem control module is adapted for controlling one or more subsystems on the

dynamic equipment.

8. The system for controlling dynamic equipment of claim 1, wherein the software algorithm has
the capability of dividing control of the dynamic equipment between the first control terminal and
the second control terminal, such that the first control terminal maintains control of a first subset of
functions of the dynamic equipment and the second control terminal maintains control of a

separate subset of functions of the dynamic equipment.

9. The system for controlling dynamic equipment of claim 1, wherein the software algorithm has
the capability of granting control of subsets of functions of the dynamic equipment to a control

terminal based on the role that that control terminal is currently serving.

10. The system for controlling dynamic equipment of claim 1, wherein the software algorithm has
the capability of granting control of subsets of functions of the dynamic equipment to a control

terminal based on a state of the dynamic equipment.
11. The system for controlling dynamic equipment of claim 1, wherein the software algorithm is
capable of allowing an operator using the first control terminal to pre-approve the future handoff of

control to the second control terminal.

12. The system for controlling dynamic equipment of claim 1, wherein the software algorithm is

capable of allowing an operator using the first control terminal to approve requests for access to

Date Regue/Date Received 2021-08-23
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specific subsets of functions of the dynamic equipment, sent by the second control terminal, as the

requests are made.

13. The system for controlling dynamic equipment of claim 1 wherein at least one of said displays

includes a touchscreen.

Date Regue/Date Received 2021-08-23



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

1/43

@

=

Prior Art
FIG. 1

160

. '/1 40
Oo@@c

]
144(
146

120
122

126



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

2/43

©
<
-

121

PR
Prior Art
FIG. 2

120

126

122



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

3/43

£ Ol

Olid

vl




CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

4/43

215

200

FIG. 4A

220
215

230



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

5/43

gy Old

goc

T e e —— —

00c

(44




CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

6/43
310 315 300
\ \ ~
305 \\ \\
. S L— 320
S @S 25 Channel Selector_|
TS s
S5||<a
|| = General Purpose
Processor | AT 32°
305 2
w o D
(\_ L§u § § § Audio Processor D 330
S5||I<h -
- Vi = /7
- Communications
()
< Module L 335
i
S5ll<o
= Power Supp! — 340
310 \: // J/ PRy | A
315
[ ®
< .
305 g S 8 5 GNSS Rece/ver_/ 345
| |g8||zgs
=3 <N
L = 7 Input/Output L— 350
T / Processing 1]
A A
315 \/';5

FIG. 5A L.

357



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

7/43
—AN\—'\
230
314B
314
314A N
312A
312
s 1 N7
|, —~ | \
3170 ——— \ 314A

™ FIG. 5B



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

8/43

200

200 /

FIG. 5C



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

9/43

ocy



WO 2015/149078

200

220

CA 02944423 2016-09-28

10/43

k 205

—™\_ 420

PCT/US2015/023415

FIG. 7A

410




WO 2015/149078

CA 02944423 2016-09-28

11/43

200

220

k 206

420

PCT/US2015/023415

FIG. 7B

TTITITITIT]

\/
415A




CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

12/43

\L 205
FIG. 7C

200
420
J
R
430
N~ 4154

220




CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

13/43

NN ":“ 00¢
N AN
N \ _ _
// // | | ‘L
\ / ._|||||. _
N.e\z\/ \ | _
\ \
v _ I
] __ w.l |
b _lL
b L
! v:\/_r |
[
I 00y
007 " /
by
by
||||_|I._..||.P|
\ IrlNllILl
002 eyl

0t

o

002

|
N M

-3
S
R

_— e e ——— ]

-
I
|

N
~+
~—

00¥

L
!
|

!

|
L

00¢



CA 02944423 2016-09-28
WO 2015/149078 PCT/US2015/023415

14/43

500

501 /

[ \

N
Implement View / - 507
503 ] ~1 OK ':;'3_//
~N »
\\Q\ 2 OK 4l
N 3 OK £
T | [
5054 ——— 4 NO CONNECTION x\_/ 5074
5 OK %
6 1,356 —AF % —
5058
7 OK 7%
505 —4— 4T 3 N
=]~ o {
\\ o~ OK w3
L
o OK N
11 OK ™
510
—
Implements Profiles P ®/

r
\_/-—\
~L—
\\

510



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

15/43

500

501 B »/'/ 514

K( / //
—\ ] /
N Manifold1 CV=6%

-~ i -
504 ~ 1 | NN N NN | ] 9% 506
\\\2 SUSRONNRAINY NN AN ] +4%——" /

P
~3 [ E N e ] -2% /
. = % 506A
i 4/ NN \\f«:\\ XN X 1 +2% L
/; | _S—F NN NN ] +8%
| |1
-~ 6 - § ] -20%A
502 // / &
7 NN NN ] -4%
5024 __/ 8 | DO \‘;x“\\\ : ] +2% | 5068
9 L\\\\\\\“\\I NNNREANN SN ] +6%
10 | oo s n] 1 +4%
11 | = | !//
/'
//12 | NN i‘x\\\\ R ] -2%
5098 _—/ 13 | e s e ] +2%
14 | Bk ] -4%
15 | BT ’\\i NN ] 8%
1
16 | ] ] -2%
n [N
" T -108% \/\\
— 512
508 <::I Back l____{>
\ N yd
- \ \ / y

5o ‘" FIG. 9B



WO 2015/149078 PCT/US2015/023415

16/43

500

pd

501

N

~ Implement Selection

e Implement 1
e Implement 2 ’////’"M1
e Implement 3

e Tyler’s Implement

e Howards’s Implement
» Maxwell’s Seeder

510 \ / 510

ADD DELETE

N——t 516

FIG. 9C



WO 2015/149078

CA 02944423 2016-09-28

17143

PCT/US2015/023415

500
o
(" N
501
~ Profile Selection
516
e 12" Spacing _/
e 24" Spacing — 5114
e Corn —
e Soybeans
e Test Profile
510\ 510\ 510\
ADD EDIT DELETE

FIG. 9D



WO 2015/149078

CA 02944423 2016-09-28

PCT/US2015/023415

18/43
500
' A
501 / 522
1 Edit Profile [
Name: | 24-Inch Spacing/
Manifold 1 =
el o
: §orr) wliilorf) [
« Gillorr) 2l off)
s (on E55)  13(on
o Giidorr] i off
 lon (D) (o0 )
s B2 'Off] 16 [555555 Off]
Manifold 2 520
1 lon By o [_En— R
5
Save Cancel
510'/ \510

FIG. 9E



CA 02944423 2016-09-28
WO 2015/149078 PCT/US2015/023415

19/43

500

FIG. 10A

10

10
P
300/

10

300



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

20/43

g0 Old
mm\/@

00 "™

0000

8poN
jelsg o]
Ssajaiim

/

009

059 NP

sanpopyy
walsAS

19410 \

0l

00¢

.

0l

P W "

00€



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

21/43

20} 9Old

¢z 009
8PON
0z [elag 0}
l/ SSojalIM
0t
soINPony
WasAS
\\ 18410
1
44
¢z ]
N —

008

|
04 =
|
=

N

0og

04

0t

00€



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

22/43
600 625
\ Y
605 — 630
Wireless Communications /
— Circuitry (
606 ~

e Optional Radio(s)

607 —

620

Pt et

N—. Optional Cellular Modem

6710 —

\\_ Processor

Serial Communications Interface

615
N\

N Power Supply

FIG. 11



CA 02944423 2016-09-28

PCT/US2015/023415

WO 2015/149078

23/43

vecl Old

'Illllll‘lll.llll‘

AH_ INIL

0Ls

\ pioysay

LA AL X X A LR Y 2 X4

vl

€1 cl

il

MO|H Poag

‘cswssccoccccsnsvesss

S

004



CA 02944423 2016-09-28

WO 2015/149078 PCT/US2015/023415

24/43

Let Tcurr be the current time of evaluation

Let AUDIBLE_ALARM be the flag denoting the audible alarm is set
Let VISUAL_ALARM be the flag denoting the visual alarm is set
Let BELOW_THRESHOLD be the flag denoting the seed flow

720< is below the threshold

Let FLOW_FALLING be the flag denoting the seed flow falling over time

Let FLOW_RISING be the flag denoting the seed flow rising over time

Let FLOW_STEADY be the flag denoting steady seed flow (neither
dropping nor rising)

&t ALARM_TIMEOUT be a number of seconds for the alarm timer

(/;Iappens when the threshold is crossed
If (BELOW_THRESHOLD AND FLOW_FALLING and NOT VISUAL_ALARM) then

725< VISUAL_ALARM = true
Reset ALARM_TIMEOUT
End
e
—

730<

735

7404

745 <

if (VISUAL_ALARM)
If (BELOW_THRESHOLD AND FLOW_FALLING AND (Tcurr-T1) > ALARM_TIMEOUT) then
/Happens if flow has been falling for “too long”
AUDIBLE _ALARM = true
Else
/{Fiow left the “falling” state before timeout
Reset ALARM_TIMEOUT
End
N
- If (BELOW_THRESHOLD AND FLOW_STEADY AND (Tcurr-T2) > ALARM_TIMEOUT) then
//Happens if flow has been steady for “too long”
AUDIBLE _ALARM = true
Else
//Flow left the “steady” state before timeout
Reset ALARM_TIMEOUT
End

hig

If (BELOW_THRESHOLD AND FLOW_RISING AND (Tcurr-T3) > ALARM_TIMEOUT) then
AUDIBLE _ALARM = true
Else
/IFlow left the “rising” state before timeout
Reset ALARM_TIMEOUT
End
End
A
///_Now above threshold, clear warnings
if (NOT BELOW_THRESHOLD) then
Reset ALARM_TIMEOUT

AUDIBLE_ALARM = false F I 1 2 B
VISUAL_ALARM = false -

(m
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START

800
Air seeding operation is initiated. A person walks or stands behind
seeder with Handheld Computing Device.

Y

805
Balancing Mode is entered on the Handheld Computing Device

Y

810
Handheld Computing Device displays the flow rates for all —
manifolds and all seed tubes.

!

815
Person locates seed tubes with flow rates that are too high or too
low using the Handheld Computing Device.

!

820
Person adjusts the Air Flow Restrictors on the seed tubes with
improper flow rates to increase or decrease flow as appropriate.

825

Are all seed tubes balanced
?

NO

830
Balancing operation is complete.

FIG. 13A
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START

802
Operator initiates air seeding operation.

'

807
Operator makes note of imbalances on the Handheld
Computing Device (alternately, Handheld Computing Device
automatically tracks imbalances).

,

812
Air seeding operation is temporarily halted. Operator
adjusts the Air Flow Restrictors on the seed tubes which
showed improper flow rates.

v

822
Operator re-initiates air seeding operation, checking for any
remaining imbalances.

827

Are all seed tubes balanced
?

NO

832
Balancing operation is complete.

FIG. 138
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