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A PRECISION AGRICULTURAL-DEVICE CONTROL SYSTEM AND
WIRELESS AGRICULTURAL-DEVICE COMMUNICATION PROTOCOL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional application No.

62/21 1,184, filed August 28, 2015, entitled "Modular Planter and Peripheral Control

System for Improved Precision Farming," which is herein incorporated by reference

in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to agricultural systems. More

particularly, the present invention relates to a precision agricultural-device control

system for use with a line or row planter to control precision application of seed,

fertilizer, and other chemicals, among other things.

BACKGROUND

[0003] The success of modern agriculture is based on continuously

improving the use of resources including, e.g., seed, fertilizer, chemicals, and land.

Improvements result in lower costs of production as well as improved crop yield.

Crop yield is highly dependent on the density of seeds (population) and costs are

highly dependent on application rates of fertilizer, chemicals, and water. So, profit

from a crop can be maximized by carefully controlling both of those factors.

[0004] Precision planting refers to controlling seed population (e.g., how

many seeds per square foot) based on soil and environmental conditions. In a

precision planting system, the seed density is adjusted according to a priori

prescriptions developed by an agronomist. In addition to optimizing seed

population, it is possible to further optimize the yields with similar precision

application of fertilizer and other chemicals. Exact seed-by-seed adjustment of

population as well as fertilizer application is ideal.



[0005] Conventional seed planting and fertilizing equipment include line or

row planters that are pulled across fields by tractors. Line planters may be hundreds

of feet across and include hundreds of individual agricultural implements (or

depositing devices), such as seed dispensers, fertilizer or chemical sprayers, trash

clearers, depth controllers, seed counters, and the like. Line planters are large and

complex metal machinery pulled at relatively high speeds. This results in increased

stress and wear-and-tear on components of a line planter so that wiring becomes

prone to breakdown. Further, such conventional line planters lack precision control

systems for, inter alia, precision application of seed, fertilizer, and chemicals within

a section or on a row-by-row basis.

[0006] Another problem with such conventional line planters is latency. If a

malfunction occurs, such as a seed dispenser failing, the operator may not become

aware of the problem for several seconds if not longer. During that time, the tractor

and the line planter may have traveled, thus leaving a long stretch of the field

unplanted.

[0007] Accordingly, there is a need for a precision agricultural control system

for precision application of seed, fertilizer, and chemicals, among other things.

There further is a need for such a precision agricultural control system to operate

without wiring, which is costly and susceptible to damage in the harsh environment

of a line planter. Accordingly, there is a need for such a precision agricultural

control system communicate wirelessly, yet be robust enough to permit

communication at distance and in an environment with interference from metal and

other components of the line planter. There still further is a need for the precision

agricultural control system to be able to control the precision application based on

precise location being planted.

SUMMARY

[0008] Accordingly, it is an object of the present invention to provide an



agricultural control system.

[0009] A command and control module, an interface module, and a

plurality of remote modules. The command and control module comprises a user

interface adapted to receive a field prescription, a positioning device adapted to

determine positioning information, an agricultural-calculation engine adapted to

receive a field prescription and adapted to generate control commands for one or

more of the plurality of remote modules based on the field prescription and the

positioning information, and a first transceiver adapted to transmit the control

commands. The interface module comprises a second transceiver adapted to receive

the control commands, a first processor coupled to the second transceiver, the first

processer adapted to generate command messages based on the control commands,

and a third transceiver coupled to the first processor, the third transceiver adapted to

wirelessly transmit command messages the plurality of remote modules. The

plurality of remote modules each comprises a fourth transceiver adapted to

selectively receive the command messages designated for the remote module and

adapted to retransmit command messages if the remote module has been provisioned

as a repeater node, a second processor adapted to generate a control signal to an

agricultural implement based on the command messages that are designated for the

remote module.

[0010] In other embodiments, the second processor is adapted to receive a

monitoring signal from an agricultural implement and generate a monitoring

message; and the fourth transceiver is adapted to wirelessly transmit the monitoring

message to the interface device.

[0011] In other embodiments, the plurality of remote modules are assigned to

a plurality of slave groups. In yet other embodiments, each of the remote modules

assigned to the same slave group transmit and receive on the same channel, but on a

different channel from the remote devices assigned to another slave group.



[0012] In other embodiments, the fourth transceiver of each of the plurality

of remote modules is further adapted to receive retransmitted command messages

from another remote device assigned to the same slave group.

[0013] In other embodiments, each of the plurality of remote modules is

further adapted to receive monitoring messages from another remote device and

retransmit the received monitoring messages if the remote module is designated as a

repeater node.

[0014] In other embodiments, the wireless agricultural-device control system

of claim 1 further comprises a tractor having a cab. The command and control

module is installed in the cab. The interface module is installed in a location remote

from the command and control module. A line planter comprising a plurality of

agricultural implements is provided. Each of the plurality remote modules is

communicatively couple to at least one of the plurality of agricultural implements.

Each of the plurality of agricultural implements is adapted to receive a control signal

from the remote module to which it is communicatively coupled.

[0015] In certain embodiments, the command and control module

communicates with the interface module using Bluetooth. In other embodiments,

the command and control module communicates with the interface module using

CAN-BUS.

[0016] In still other embodiments, the interface module communicates with

the plurality of remote modules using a 802.15.4 physical layer protocol.

[0017] In certain embodiments, the interface module communicates with the

plurality of remote modules using the protocol shown in FIG. 8. In other

embodiments, the interface module communicates with the plurality of remote

modules using the protocol shown in FIGS. 10 and 10A.

[0018] In yet another embodiment, a method for wireless communication



with agricultural implements is provided. The method comprises the steps of

determining a first command message for a first agricultural implement based on a

field prescription and a location. A second command message for a second

agricultural implement based on a field prescription and a location is determined.

The first command message is wirelessly transmitted on a first channel to a first set

of remote modules during a first time slot. The first command message is wirelessly

retransmitted by a first remote module of the first set of remote modules on the first

channel during a second time slot. The second command message is wirelessly

transmitted on a second channel to a second set of remote modules during the second

time slot. A first control signal is output to the first agricultural implement by a

second remote module of the first set of remote modules based on receiving the first

command message. A second control signal is output to the second agricultural

implement by a third remote module of the second set of remote modules based on

receiving the second command message;

[0019] In an alternate embodiment of the method, the second remote module

receives a monitoring signal from the first agricultural implement. The second

remote module generates a first monitoring message. The second remote module

wirelessly transmitting the first monitoring message on the first channel during a

third time slot.

[0020] In yet another embodiment of the method, the first remote module

receives the first monitoring message and wirelessly retransmits the first monitoring

message on the first channel during a fourth time slot.

[0021] There has thus been outlined, rather broadly, certain embodiments of

the invention in order that the Detailed Description thereof herein may be better

understood, an in order that the present contribution to the art may be better

appreciated. There are, of course, additional embodiments of the invention that will

be described below and which will form the subject matter of the claims appended



hereto.

[0022] In this respect, before explaining at least one embodiment of the

invention in detail, it is to be understood that the invention is not limited in its

application to the details of construction and to the arrangements of the components

set forth in the following description or illustrated in the drawings. The invention is

capable of embodiments in addition to those described and of being practiced and

carried out in various ways. Also, it is to be understood that the phraseology and

terminology employed herein, as well as the abstract, are for the purpose of

description and should not be regarded as limiting.

[0023] As such, those skilled in the art will appreciate that the conception

upon which this disclosure is based may readily be utilized as a basis for the

designing of other structures, methods and systems for carrying out the several

purposes of the present invention. It is important, therefore, that the claims be

regarded as including such equivalent constructions insofar as they do not depart

from the spirit and scope of the present invention. Though some features of the

invention may be claimed in dependency, each feature has merit when used

independently.



BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Further features of the present invention will become apparent to

those skilled in the art to which the present invention relates from reading the

following description with reference to the accompanying drawings, in which:

[0025] FIG. 1 is a plan view of a precision agricultural control system 100 in

accordance with a preferred embodiment of the present invention exemplified being

deployed in a tractor 10 and a line planter 20 operating over soil 5;

[0026] FIG. 2 is a side view of the precision agricultural control system 100

exemplified controlling agricultural implements 22 (motorized planter) and 24 (rate

controllable liquid fertilizer sprayer) of the line planter 22;

[0027] FIG. 3 is a schematic diagram of the precision agricultural control

system 100;

[0028] FIG. 4 is a schematic diagram of a preferred command and control

module 110 of the precision agricultural control system 100 in accordance with

aspects of the present invention;

[0029] FIG. 5 is a schematic diagram of a preferred interface module 140 of

the precision agricultural control system 100 in accordance with aspects of the

present invention;

[0030] FIG. 6 is a schematic diagram of a preferred remote module 160 of

the precision agricultural control system 100 in accordance with aspects of the

present invention;

[0031] FIG. 7 is a schematic diagram of a preferred wireless agricultural-

device communication (WADC) protocol 200 used by the precision agricultural

control system 100 in accordance with aspects of the present invention;



[0032] FIG. 8 is a timing diagram of the preferred WADC protocol 200;

[0033] FIG. 9A is a chart showing a calculated composite-link success rate

(y-axis) for a given simple-link success rate (x-axis) for a forward link of the WADC

protocol 200;

[0034] FIG. 9B is a chart showing a calculated composite-link success rate

(y-axis) for a given simple-link success rate (x-axis) for a return link of the WADC

protocol 200;

[0035] FIG. 10 is a timing diagram of a second preferred WADC protocol

300 in accordance with aspects of the present invention that is adapted for use by the

precision agricultural-device control system 100; and

[0036] FIG. 10A is an exploded view of certain time slots depicted in FIG.



DETAILED DESCRIPTION

[0037] The invention will now be described with reference to the drawing

figures, in which like reference numerals refer to like parts throughout. For purposes

of clarity in illustrating the characteristics of the present invention, proportional

relationships of the elements have not been maintained in the Figures. In some

cases, the sizes of certain small components have been exaggerated for illustration.

[0038] Referring to FIGS. 1-3, a precision agricultural control system 100 in

accordance with a preferred embodiment of the present invention is exemplified

being deployed in a tractor 10 and a line planter 20 operating over soil 5 . The tractor

10 tows the line planter 20 in direction D (see FIG. 1). As the line planter 20 travels

over soil 5, agricultural implements 22 (exemplified as a seed planter) plant seeds 30

as shown. In other embodiments, the line planter 20 also includes agricultural

implements 24, exemplified as a rate controllable fertilizer sprayer, for depositing or

spraying fertilizer 40 or other chemicals (see FIG. 2). The term agricultural

implement as used herein also includes seed dispensers, depth controllers, trash

clearers, wet fertilizer sprayers, dry fertilizer dispensers, moisture meters, down-

force controllers, lift-gate monitors, position gauges, and similar agricultural devices.

FIG. 1-3 have been simplified for clarity omits certain features such as fertilizer

sprayer 24 (FIG. 3) and relay channel C (FIG. 7).

[0039] The precision agricultural control system 100 comprises a command

and control module 110, an interface module 140, and a plurality of remote modules

160. The command and control module 110 communicates with the interface

module 150 over communication channel A, which is preferably a wireless

communication channel such Bluetooth ®. In alternate embodiments, channel A may

comprise a wired link, such as a control area network (e.g., CAN-BUS). The

interface module 150 communicates with the remote modules 160 over

communication channel B, which is preferably a wireless channel operating in

accordance with a novel wireless agricultural-device communication (WADC)



protocol as discussed in more detail below.

[0040] Referring to FIG. 4, a preferred embodiment of the command and

control module 110 is provided. A user interface 114 is provided for displaying

information and receiving user input. The user interface also allows a user or

operator to verify that the system 100 is operating acceptably and to allow for

manual intervention as needed. The user interface 114 also allows the operator to

provide a field prescription 116, which may be provide via Wi-Fi, USB, manual

input, or other means. The field prescription 116 generally dictates the precision

planting plan (e.g., seed and fertilizer amounts and locations) for a field to be

planted.

[0041] An agricultural-calculation engine 118 is provided for calculating

control commands for the agricultural implements 22 and/or 24 and dictate

application rates for seed, fertilizer, and the like. A positioning receiver 120, such a

GPS receiver, is provided for receiving and determining positioning data such as

present location, speed, orientation (or heading), etc. Optionally, the positioning

receiver 120 may be coupled to an antenna 121 for improved accuracy. The

positioning receiver provides positioning data to the agricultural-calculation engine

118. In the preferred embodiment, the agricultural-calculation engine 118

determines, based on the field prescription and positioning data, control commands

for each of the agricultural implements 24. In other embodiments, control

commands may be determined for groups or sets of agricultural implements 22 or

24. In preferred embodiment, control commands are for an individual agricultural

implement 22 or 24. The agricultural-calculation engine 118 provides the control

commands to a radio transceiver 122, which transmits the commands via antenna

112. The radio transceiver 122 is in wireless communication with the interface

module 140 over wireless channel A . The radio transceiver 122 is preferably a

Bluetooth ® transceiver. The radio transceiver 112 also receives monitoring data

from the interface module (such as malfunctions or errors), which may be passed to



the user interface 114 for display and are also used by the agricultural-calculation

engine 118.

[0042] The command and control module 110 is preferably implemented

using tablet computer and preferably located in a tractor's cab. In alternative

embodiments, other computing devices, such as a laptop or mobile phone, may be

used to implement the command and control module 110 (e.g., by installing a

specialized application). In still yet other embodiments, third party consoles for

controlling agricultural-devices may be used to interface directly with the interface

module 140, thereby a separate command and control module may be omitted.

[0043] Referring now to FIG. 5, a preferred embodiment of the interface

module 140 is provided. A radio transceiver 144 includes antenna 142 for receiving

the control commands and transmitting the monitoring data to and from the

command and control module 110 over channel A . The radio transceiver 142 is

preferably a Bluetooth ® transceiver. Control commands are passed to a protocol-

control processor 146. Based on the received control commands, the protocol-

control processor 146 generates command messages. The command messages are

provided to a radio transceiver 148. The radio transceiver 148 transmits the

command messages via antenna 150 to the remote device 160 over channel B . The

radio transceiver 148 also receives monitoring messages from the remote devices

160, from which monitoring data is extracted by the protocol-control processor 146

and transmitted to the command and control module by the radio transceiver 144.

The preferred embodiments for the messages and protocol for channel B are

discussed below.

[0044] Referring now to FIG. 6, a preferred embodiment of the remote

module 160 is provided. The remote modules 160 are each adapted for deployment

at an individual agricultural implements 22 or 24 (e.g., a seed planter or fertilizer

sprayer) and control the agricultural implement (e.g., its motor or valves) and also



receive monitoring data from the agricultural implement (e.g., speed and seed count).

A radio transceiver 164 is coupled to antenna 162 and receives the command

messages from, and transmits monitoring messages to, the interface device 140. A

processor 166 is provided for converting the control messages into a control signal

170 that controls an agricultural implement 22 (exemplified in FIG. 6 as a signal for

a motor drive of a seed planting device). In other embodiments, the control signal

170 may control a fertilizer sprayer 24 as shown in FIG. 2 . In yet other

embodiments, other agricultural apparatuses, such as depth controllers and trash

clearers, are controlled. The processor 166 receives monitoring signals 172 and 174

from the agricultural implement 22 (exemplified in FIG. 6 as signals for speed and

seed count). The processor 166 converts the monitoring signals to monitoring data,

which is included in a monitoring message and transmitted to the interface module

140 by the transceiver 164.

[0045] In yet other embodiments, the remote module is adapted to provide a

closed-loop control, which is advantageous for controlling certain motors that

require closed-loop control to maintain predictable speed and acceleration. In this

embodiment, the remote module includes a closed-loop control function that adjusts

the motor-control voltage or digital commands according to the motor speed

feedback received from the motor. Preferably, this is done with a proportional and

integral gain stage.

[0046] A preferred embodiment of the WADC protocol 200 for

communication between the interface module 140 and the remote modules is now

discussed with reference to FIGS. 7 & 8. The WADC protocol 200 comprises a

physical (PHY) transport layer and a media access control (MAC) layer. In the

preferred embodiment, the PHY layer operates in accordance with IEEE 802.15.4

Standard. However, the present invention is not limited to IEEE 802.15.4 and other

PHY layers may be used. In the preferred embodiment, the WADC protocol

employs a specialized MAC layer as discussed herein.



[0047] Referring more specifically to FIG. 7, the interface device 140

constitutes a master node 210, in the embodiment shown there is a single master

node. The remote devices 160 constitute slave nodes. This embodiment as shown is

exemplified having 60 slave nodes (SN1 to SN60), however in other embodiments

there may be more or less. The slave nodes are exemplified grouped into six slave

groups (Slave Group 1 to Slave Group 6) each comprising 10 slave nodes.

[0048] Each slave group is assigned a separate main channel B j to B for

communication with the master node 210. Each slave node within the same slave

group communicates with the master node on the same primary channel. For

example, Slave Group 1 is assigned main channel B i and thus SN1 to SN10

communicate on main channel Bj. While, Slave Group 6 is assigned main channel

B and thus SN51 to SN60 communicate on main channel B^. In the preferred

embodiment, each main channel B is divided by frequency. But, the present

invention is not limited to frequency division, and other techniques, such as code

division, may be used.

[0049] Within each slave group, certain slave nodes are designated as

repeater nodes. A repeater node retransmits communications received from the

master node to improve reliability. Thus, as exemplified in FIG. 7, SN1 to SN5 are

designated as repeater nodes and retransmit each message received from the master

node in relay channel C j . These retransmitted messages are also referred to as relay

messages. Each relay channel operates on the same frequency as the assigned

master channel for the slave group, but operates in a different time slot (see FIG. 8).

If a designated repeater node does not receive a command message from the master

node in its assigned time slot, then that repeater node would listen in relay channel

for a relay message from one of the other repeater nodes within the same slave

group.

[0050] Initially, the master and slave nodes are configured through a



provisioning mode, which may be manually, activated using preferably a magnetic

reed switch. In this mode, a wireless signal is sent on a provisioning channel (not

shown) and various state properties are set as shown in Tables I and II.

Table I —Master Node Provisioning Variables



Table II—Slave Node Provisioning Variables

[0051] Typically provisioning will only need to be done once at the

manufacturer. However, provisioning may be repeated in the field, for example, if a

remote module is replaced.

[0052] The master node cycles through all of the channels. Signal

synchronization is preferably controlled by the master node by transmitting on each

channel every 60 milliseconds.

[0053] Referring now more specifically to FIG. 8, an exemplary timing

diagram is provided of the WADC protocol 200 in operation. The master node 210

transmits a command message to Slave Group 1 (SNl to SN10) on the main channel

B i during time slot 1 (see 254). This is also referred to as the forward link. The

master node 210 then retransmit the same command message five additional times to

Slave Group 1 on the main channel B during time slots 2 to 6 (see 254). During

this time, the slave nodes listen on main channel B (see 256). Each repeater node

(SNl to SN5) then transmits a relay message (i.e., the command message received at

256) once in its assigned time slots 7 to 10 on main channel Bj (see 258). For



example, SN1 transmits the relay message in time slot 7, SN2 transmits in time slot

8, and so on for a total of 4 repeats. The assigned set of time slots on a main channel

for transmission of relay messages is also referred to the relay channel C, e.g., relay

channel C j for Slave Group l's relay messages 258 and relay channel C 2 for Slave

Group 2's relay messages 268, and so on (see also FIG. 7).

[0054] Within each slave group, each node is assigned during provisioning a

repeat ID (e.g., 0 through 7, but only 5 expected to be used). The repeat ID value

corresponds to the repeat time slot, with zero meaning do not repeat. When a slave

node intercepts a command message from the master node, it uses its repeat ID value

to determine when it should transmit the relay message if assigned.

[0055] If no forward message is received by slave nodes, the slave node stays

in receive mode to regain synchronization.

[0056] While Slave Group 1 is transmitting the relay messages (254), the

master node 210 begins communication with the next slave group, Slave Group 2, on

main channel B2. In time slot 7, Slave Group 2 (SN11 to SN20) transmits its

monitoring message on main channel B 2 (see 262). This is also referred to as the

return link. Only a single slave node within a slave group transmits its monitoring

message during each return-link time slot (e.g., 252, 262, 272, 286, and 292). The

prior command message that was transmitted on the same channel identifies which

slave node within a slave group shall initiate the monitoring message. A monitoring

message is about 1/5 the size of a command message. So, for example, only SN1 1

would transmit its monitoring message in the first 1/5 of time slot 7 (262). Repeater

nodes SN12 to SN15 (as well the master node) would listen for the monitoring

message from the assigned slave node SN11. Then, each of the repeater nodes SN12

to SN15 retransmit SNl l's monitoring message sequentially (i.e., one at a time) in

the remaining 4/5th of time slot 7 .

[0057] In the next return link time slot for the same group, the next slave



within the slave group transmits its monitoring message. For example, SNl's

monitoring message is transmitted and retransmitted during slot 252 and during the

next cycle SN2's monitoring message would transmitted and retransmitted during

slot 292. The master node 210 listening for and receives the monitoring messages on

main channel (see 250, 260, 270, and 290).

[0058] In time slots 8 to 13, the master node 210 transmits the command

message for Slave Group 2 six times (see 264), which are received by the slave

nodes (SN11 to SN20) (see 266), similarly as described above. In time slots 14 to

17, repeater nodes of Slave Group 2 (e.g., SN11 to SN15) repeat the forward

message as described above. Similarly for Slave Group 3 on main channel B3,

monitoring messages are transmitted and received at time slot 14 (see 272 and 274),

command messages are transmitted and received at time slots 12 to 20 (see 274 and

276), and command messages are subsequently repeated by relay nodes (not shown).

[0059] The process then repeats sequentially for the remaining slave groups.

After transmitting and receiving to and from all of the slave groups (see 284, 286

and 288), the master node cycles through the channels again to receive and transmit

messages starting with Slave Group 1 (see 290, 292, 294, and 296).

[0060] In the preferred embodiment of the WADC protocol 200, the timing

and data structures is as follows. The preferred embodiment of a command message

is shown in Table III below.

Table III



command)

Repeater timeslot 0-7 (3) Which repeater echoed rptSlot
this message

Module ID 0-127 (7) Which module ID is the deviceld
next designated
responder

Repeat Message 0-1 (1) 1 means message is a repeatMsg
Flag repeat

Command data 30 bytes 3 bytes of control data
(240) for each of up t o 10

modules on this channel;
the content of this data is

variable depending on
what is being controlled,
e.g., see Table MIA

[0061] A preferred embodiment of command data is exemplified for

control module in Table IIIA below.

Table IIIA

[0062] The return link is initiated by a slave node. The slave node transmits

a relatively small monitoring message. The monitoring message is approximately

l/5th of the size of a command message on the forward link, or about 120 bits. A

preferred embodiment of a monitoring message is shown below in Table IV.



Table IV

[0063] The master node may cycle through each channel as shown in FIG. 8.

Each time slot is preferably approximately 1 millisecond. Thus, it takes

approximately 10 milliseconds to receive monitoring messages ( 1 time slot) and

transmit command messages (6 time slots). An entire cycle takes about 60

milliseconds for the forward link. In the preferred embodiment, one node out of ten

is selected to respond on every cycle on the return; so, a cycle for the return link

occurs about every 600 milliseconds.

[0064] As such, the relay messages transmitted by slave nodes are completed

before one cycle through the channels by the master node. In certain embodiments,

the relay messages for a group may take more time than channel cycling, such as

when there are few slave nodes and group or additional repeats are performed. In



that case, a pause period is added prior to starting the master node channel cycling to

avoid command messages from overlapping relay messages on the same channel.

[0065] This protocol provides messaging redundancy both in the master-to-

slave node message (in the preferred embodiment there are up to 5 potential links

between master and slave group) and to the slave node (in this example there are up

to 6 potential links to the end node). Advantageously, the probability of the master

or a node missing a message is reduced by the 5th or 6th power, respectively.

[0066] Testing in field conditions has shown that the forward link, using a

single interface module, has a simple-link reliability success rate of greater than 60%

in worst-case installations. That is, if 1000 command messages are sent from the

interface module to a remote module without retransmission, over 600 on average

are received. The return link had a similar simple-link success rate as the forward

link of over 60%. A composite-link reliability for the WADC protocol may be

computed. The composite-link reliability for the WADC protocol for the forward

link and return link is summarized in FIGS. 9A and 9B, respectively. Shown even at

a 60% worst-case installation, the probability of success is estimated to be about

98.5% for a monitoring message and slightly greater for a command message

[confirm wording and #'s are accurate in this para.]

[0067] It can be appreciated that the message reliability has been increased

by a large factor as required for transmitting large amounts of data for precision

farming. This advantageously is an improvement in reliability, without additional

cost of additional hardware or significant increase in latency. Further, latency is

advantageously predictable (e.g., at 60 milliseconds). This allows for commands to

be determined based on where the planter will actually be located (e.g., in 60

milliseconds) when a command is applied.



[0068] Referring to FIGS. 10 and 10A, a second preferred embodiment of a

WADC protocol 300 is provided. The WADC protocol 300 operates substantially

similar to the WADC protocol 200 discussed above except for the timing and relays

as discussed below. The WADC protocol 300 is exemplified having 60 slave nodes

(SN1 to SN60) grouped into Slave Groups 1 to 6 and each assigned a main channel

i through B6 (see FIG. 7). Unlike WADC protocol 200, in protocol 300 the master

node does not retransmit command messages. Instead, five of ten slave nodes

comprising a slave group retransmit the command message 310 for their respective

group at the time slot 320, 322, 324, 326, or 328 designated during provisioning

(discussed above). Also, a slave node designated to transmit in a particular cycle

transmits its monitoring message 340, which is then repeated by slave nodes 350,

352, 354, 356, and 358 that designated during provisioning as repeater nodes.

During this time, the master node listens for monitoring messages on the appropriate

main channel. Tables V and VI below describe the data structure for the command

and monitoring messages, respectively, as used in the WADC protocol 300.

Table —Command Message



content of this data is
variable depending on
what is being controlled,
e.g., see Table IIIA

Table VI—Monitoring Message

[0069] In accordance with an alternate embodiment of the present invention,

the interface module 140 and the command and control module 110 may be

combined into a single module. In this embodiment, radio transceivers 122 and 144

are omitted.

[0070] The many features and advantages of the invention are apparent from

the detailed specification, and thus, it is intended by the appended claim to cover all



such features and advantages of the invention which fall within the spirit and scope

of the invention. Further, since numerous modifications and variations will readily

occur to those skilled in the art, it is not desired to limit the invention to the exact

construction and operation illustrated and described, and accordingly, all suitable

modifications and equivalents may be resorted to, falling within the scope of the

invention.



CLAIMS

A wireless agricultural-device control system comprising:

a command and control module, an interface module, and a plurality of remote

modules;

the command and control module comprising:

a user interface adapted to receive a field prescription,

a positioning device adapted to determine positioning information;

an agricultural-calculation engine adapted to receive a field prescription

and adapted to generate control commands for one or more of the

plurality of remote modules based on the field prescription and the

positioning information, and

a first transceiver adapted to transmit the control commands;

the interface module comprising:

a second transceiver adapted to receive the control commands,

a first processor coupled to the second transceiver, the first processer

adapted to generate command messages based on the control

commands, and

a third transceiver coupled to the first processor, the third transceiver

adapted to wirelessly transmit command messages the plurality of

remote modules; and

the plurality of remote modules each comprising:

a fourth transceiver adapted to selectively receive the command messages

designated for the remote module and adapted to retransmit command

messages if the remote module has been provisioned as a repeater node,

and

a second processor adapted to generate a control signal to an agricultural

implement based on the command messages that are designated for the

remote module.



2 . The wireless agricultural-device control system of claim 1, wherein for each of

the plurality of remote modules:

the second processor is adapted to receive a monitoring signal from an

agricultural implement and generate a monitoring message; and

the fourth transceiver is adapted to wirelessly transmit the monitoring message

to the interface device.

3 . The wireless agricultural-device control system of claim 2, wherein the

plurality of remote modules are assigned to a plurality of slave groups.

4 . The wireless agricultural-device control system of claim 3, wherein each of the

remote modules assigned to the same slave group transmit and receive on the

same channel, but on a different channel from the remote devices assigned to

another slave group.

5 . The wireless agricultural-device control system of claim 3, wherein the fourth

transceiver of each of the plurality of remote modules is further adapted to

receive retransmitted command messages from another remote device assigned

to the same slave group.

6 . The wireless agricultural-device control system of claim 2, wherein each of the

plurality of remote modules is further adapted to receive monitoring messages

from another remote device and retransmit the received monitoring messages if

the remote module is designated as a repeater node.

7 . The wireless agricultural-device control system of claim 1 further comprising:

a line planter comprising a plurality of agricultural implements, wherein each

of the plurality remote modules is communicatively couple to at least one

of the plurality of agricultural implements; and

each of the plurality of agricultural implements is adapted to receive a control

signal from the remote module to which it is communicatively coupled.



8. The wireless agricultural-device control system of claim 1 further comprising:

a tractor having a cab, wherein the command and control module is installed

in the cab;

the interface module being installed in a location remote from the command

and control module;

a line planter comprising a plurality of agricultural implements, wherein each

of the plurality remote modules is communicatively couple to at least one

of the plurality of agricultural implements; and

each of the plurality of agricultural implements is adapted to receive a control

signal from the remote module to which it is communicatively coupled.

9 . The wireless agricultural-device control system of claim 1, wherein the

command and control module communicates with the interface module using

Bluetooth.

10. The wireless agricultural-device control system of claim 1, wherein the

command and control module communicates with the interface module using

CAN-BUS.

11. The wireless agricultural-device control system of claim 1, wherein the

interface module communicates with the plurality of remote modules using a

802.15.4 physical layer protocol.

12. The wireless agricultural-device control system of claim 1, wherein the

interface module communicates with the plurality of remote modules using the

protocol shown in FIG. 8 .

13. The wireless agricultural-device control system of claim 1, wherein the

interface module communicates with the plurality of remote modules using the

protocol shown in FIGS. 10 and 10A.



14. A method for wireless communication with agricultural implements

comprising:

determining a first command message for a first agricultural implement based

on a field prescription and a location;

determining a second command message for a second agricultural implement

based on a field prescription and a location;

wirelessly transmitting the first command message on a first channel to a first

set of remote modules during a first time slot;

wirelessly retransmitting the first command message by a first remote module

of the first set of remote modules on the first channel during a second time

slot;

wirelessly transmitting the second command message on a second channel to a

second set of remote modules during the second time slot;

outputting a first control signal to the first agricultural implement by a second

remote module of the first set of remote modules based on receiving the

first command message;

outputting a second control signal to the second agricultural implement by a

third remote module of the second set of remote modules based on

receiving the second command message;

15. The method of claim 14 further comprising:

receiving by the second remote module a monitoring signal from the first

agricultural implement;

generating a first monitoring message by the second remote module;

wirelessly transmitting the first monitoring message on the first channel during

a third time slot by the second remote module.



16. The method of claim 14 further comprising:

receiving the first monitoring message by the first remote module;

wirelessly retransmitting the first monitoring message on the first channel

during a fourth time slot by the first remote module.
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