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METHOD AND SYSTEM FOR OPTIMIZING 
PLANTING OPERATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent application claims the benefit of U.S. 
Provisional Patent Application No. 61/837,980, entitled, 
PICK-AND-PLANT AGRICULTURAL MACHINE AND 
METHOD OF USE by Batcheller, filed on Jun. 21, 2013, 
and this application also claims the benefit of U.S. Provisional 
Patent Application No. 61/977.556, entitled, “PICK-AND 
PLANTAGRICULTURAL MACHINE AND METHOD OF 
USE'' by Batchelleret al., filed on Apr. 9, 2014, both of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention relates to the field of precision agri 
culture, and specifically to a system and method for the auto 
mated placement of crop seed in specific locations to allow 
for optimal growth and yield. 
0004 2. Description of the Related Art 
0005 Increasing the yield of an agricultural crop trans 
lates directly into increased profits for a farmer or operator. 
Increasing yield can be achieved in a number of ways, includ 
ing applying fertilizers to stimulate growth, irrigating the 
crop during dry conditions, removing unwanted plants 
(weeds) that compete with the seed crop for survival and 
make it harder to harvest, applying pesticides to protect the 
crop against insects and other threats to the plant, and rotating 
crops to best utilize and replenish vital nutrients in the soil and 
to mitigate the build-up of pathogens that are attracted to a 
single type of crop. 
0006 All of the above practices are commonplace in agri 
culture, and are effective to varying degrees. Although these 
methods are effective, there is always a push to continue to 
increase the yield potential of a crop by finding new ways to 
create more positive conditions in which the crop can grow. 
0007 Unfortunately, current farming practices are inher 
ently limiting when trying to further increase yield. The 
physical width and dimensions of the tractors, implements, 
and harvesting equipment used in agriculture dictate that 
seeds be planted in the ground in rows with standard spacing. 
Over the years, row spacing has decreased such that more 
plants can be grown for a given area. Unfortunately, limiting 
seed placement to straight rows of a certain spacing does not 
allow for the maximum yield output, as the Soils capacity to 
produce (its conditions, nutrient content, Soil type, etc.) can 
vary dramatically over a field and dictate the optimum seed 
spacing in any given area. Some areas of the soil in a field may 
have a higher capacity to retain or transfer moisture due to Soil 
type, or higher nutrient content, and are thus better able to 
Support a higher number of plants. Conversely, other areas of 
the Soil may be lacking nutrients or the capacity to retain or 
transfer moisture, and so planting a smaller number of seeds 
may be warranted in these areas to eliminate competition for 
precious resources. Ideally, an agricultural machine would 
know which areas of a field are more conducive to supporting 
a large number of plants, and which areas are less conducive, 
and plant seeds in a pattern to maximize crop yield. 
0008 What is needed in the art is a method and system for 
detecting the soil conditions in an agricultural field in real 
time, or near real-time, as a vehicle moves through the field, 
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and to adjust the plant spacing dynamically in order to opti 
mize the use of the detected soil condition. Optionally, such a 
system could add nutrients along with the seeds based on the 
detected condition of the soil at the time of planting. 

SUMMARY OF THE INVENTION 

0009. According to one aspect of the present invention, a 
soil sampling and analysis system is described comprising a 
vehicle, a ground-engaging device capable of obtaining a soil 
sample at a pre-determined depth mounted on the vehicle, a 
sample preparation system, a soil analysis device, where the 
soil analysis device performs one or more analysis steps on 
the soil sample, a location sensor, and a processing device, 
whereby the vehicle is capable of moving through a field and 
periodically acquiring soil samples, and combining the infor 
mation on the soil conditions and the location information to 
create a map of Soil conditions that exist in the area of land. 
0010. According to another aspect of the present inven 
tion, a soil sampling and analysis system is described com 
prising a vehicle, a ground-engaging device mounted on the 
vehicle capable of turning over a top layer of soil in a field to 
a pre-determined depth, an illumination device capable of 
emitting various wavelengths of light, a sensor capable of 
determining wavelengths of light reflected from the over 
turned soil, a location sensor, and a processing device capable 
of analyzing the light wavelengths reflected back from the 
overturned soil to determine the composition and/or condi 
tion of the overturned soil, whereby the vehicle is capable of 
moving through a field and periodically analysing the soil 
conditions, and combining the information on the Soil condi 
tions and the location information to create a map of soil 
conditions that exist in the area of land. 

0011. According to another aspect of the present inven 
tion, an agricultural planting system is described which com 
prises a soil sampling and analysis means, wherein soil 
samples are taken and analyzed in real-time during a planting 
operation to determine the conditions and nutrient content of 
the soil, and a planting system, wherein the planting system is 
capable of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting system, whereby the data 
gathered from the analyzed soil samples is used to determine 
the optimal placement of seeds or plants in a field in order to 
take advantage of the Soil conditions present and to optimize 
crop yield. 
0012. According to yet another aspect of the present 
invention, an agricultural planting system is described which 
comprises a planting vehicle, wherein the planting vehicle is 
capable of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting vehicle, and a soil condi 
tions map, where the Soil conditions map contains informa 
tion on the conditions of the soil at each point in the field, 
whereby the information from the soil conditions map is used 
by the planting system to determine the best placement of 
seeds in a field to optimize crop yield. 
0013. According to yet another aspect of the present 
invention, an agricultural planting system is described which 
comprises a planting vehicle, wherein the planting vehicle 
has one or more Smart row units, wherein the one or more 
Smart row units is capable of moving perpendicular to the 
travel path of the vehicle within the width of the vehicle, and 
a soil conditions map, where the soil conditions map contains 
information on the conditions of the soil at each point in the 
field, whereby the information from the soil conditions map is 
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used by the planting system to determine the best placement 
of seeds in a field to optimize crop yield. 
0014. According to another aspect of the present inven 

tion, an agricultural planting system is described which com 
prises a planting vehicle, wherein the planting vehicle is 
capable of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting vehicle, a soil conditions 
map, wherein the soil conditions map contains information on 
the conditions of the soil at each point in the field, whereby the 
information from the Soil conditions map is used by the plant 
ing system to determine the best placement of seeds in a field 
to optimize crop yield, and a nutrient system, wherein the 
nutrient system is capable of adding nutrients to the seedbed 
during the planting process and does so based on the nutrients 
required for the crop type and based on the current soil con 
ditions of the seedbed. 
0015 These aspects and others are achieved by the present 
invention, which is described in detail in the following speci 
fication and accompanying drawings which form a part 
hereof. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIGS. 1A-1E illustrate various typical row patterns 
and arrangements used for planting seeds/plants in existing 
practice in the prior art. 
0017 FIG. 2A provides an illustration of an improved 
pattern for placing seeds/plants based on the soil conditions at 
a given location. 
0018 FIG.2B provides an illustration of how the size of a 
plant's rootball will vary based on the availability of nutrients 
in proximity to the plant. 
0019 FIG. 2C provides another illustration of an 
improved pattern for placing seeds/plants based on the calcu 
lated size of the rootball needed for the plant based on the soil 
conditions. 
0020 FIG.3 illustrates how the orientation of a seed (how 

it is placed in the ground) can affect the time for germination 
of that seed. 
0021 FIG. 4 is a high-level block diagram showing the 
functional areas utilized by the condition-based planting 
machine of the present invention. 
0022 FIG. 4A is a high-level block diagram showing the 
functional areas utilized by an alternate embodiment of the 
condition-based planting machine of the present invention, 
where nutrients are added to the soil as needed based on soil 
analysis. 
0023 FIG. 4B is a high-level block diagram showing an 
alternate embodiment of the flow diagram of FIG. 4A in 
which the initial Soil sampling tasks are replaced with a spec 
troscopic analysis of the soil. 
0024 FIG. 5 is an illustration of one embodiment of a 
vehicle-mounted device used for taking soil samples in real 
time. 
0.025 FIG. 5A is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time. 
0026 FIG. 5B is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time relying on a flailing mechanism in con 
tact with the soil. 
0027 FIG. 5C is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time relying on an alternate type of flailing 
mechanism in contact with the soil. 
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0028 FIG. 5D is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time relying on a Scooping mechanism. 
0029 FIG.5E is an illustration of an alternate embodiment 
of a vehicle-mounted device used for taking soil samples in 
real-time relying on a probing mechanism. 
0030 FIG.5F is an illustration of an alternate embodiment 
of a vehicle-mounted device used for taking soil samples in 
real-time relying on a rotary probing mechanism. 
0031 FIG. 6 describes one embodiment of a condition 
based planting machine of the present invention. 
0032 FIG. 7 is a top view of one embodiment of an X-Y 
position seeding unit of the present invention, illustrating how 
the location of the seed planting device can be moved in the 
X-Y plane to create the optimal planting pattern illustrated in 
FIG. 3. 

0033 FIG. 8 is a top view of a series of X-Y position 
seeding units being operated in parallel. 
0034 FIG. 9 is an alternate embodiment of the condition 
based planting system of the present invention, in which one 
or more autonomous vehicles work in conjunction to plant 
seeds based on Soil conditions. 
0035 FIG. 10 is an illustration of a typical seeding unit 
used in agricultural planting as seen in the prior art. 
0036 FIG. 11 is an illustration of a series of seeding units 
mounted on the draw bar of an implement as seen in the prior 
art. 

0037 FIG. 12 is a top view of a smart row unit as described 
in the present invention. 
0038 FIG. 13 is a side view of a smart row unit as 
described in the present invention. 
0039 FIG. 14 is an illustration of a series of smart row 
units mounted on a draw bar of the condition-based planting 
implement of the present invention. 
0040 FIG. 15 is an illustration of how the condition-based 
planting implement of the present invention can be used to 
place seeds/plants in an optimal pattern based on current soil 
conditions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0041. With reference now to the drawings, and in particu 
lar to FIGS. 1A through 15 thereof, a new agricultural plant 
ing system embodying the principles and concepts of the 
present invention will be described. 
0042. The intent of the present invention is to create an 
agricultural planting system that will maximize crop yield 
and quality by being able to sense ambient conditions, includ 
ing the conditions of the Soil in which the seeds or plants are 
being placed, and to use this knowledge to determine the best 
spacing for planting. 
0043. Several factors candirectly affect the yield of a crop. 
These factors include: 

0044 Soil Type: Heavier, finer textured soil has better 
water-holding capacity than lighter, coarser textured 
Soils, and can therefore Support higher plant popula 
tions. 

(0.045 Soil Fertility: High soil fertility levels are 
required to best Support higher plant populations. 

0046 Moisture: Some areas of a field may receive more 
moisture than others, enabling them to Support higher 
plant populations. 
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0047 Plant Spacing: By decreasing the spacing 
between plants and between rows, additional plants can 
be placed in the same field area. 

0048 Hybrid Type: Certain plant hybrids are hardier 
than others and will tolerate high populations. 

0049 Planting Date: An early planting date becomes 
more important with higher plant populations. 

0050. Seed Orientation: Random orientation of the seed 
in the ground may cost yield due to non-uniform emer 
gence times, as the root and shoot have to work harder to 
get where they are going in Some orientations than oth 
CS. 

0051. With all of the above factors taken into consider 
ation, the goal is to plant the maximum number of plants per 
area that can be properly Sustained and nourished for the 
given soil condition until harvest time. 
0052 Present farming practices dictate that most crops be 
planted in rows with fixed dimensions based on the size of the 
planting machine (spacing and width of wheels, for example) 
and the machines capabilities. The row spacing is set prior to 
planting and cannot be varied “on the go”. 
0053. In an attempt to maximize plant population, farmers 
and agricultural original equipment manufacturers (OEMs, 
who make large agricultural vehicles and implements) have 
experimented with changing the arrangement and spacing of 
the rows. 
0054. It should be noted that throughout this specification, 
the terms “seed' and “plant' (that is, the noun form of the 
word “plant”) shall be considered interchangeable. If the 
specification talks about the placement of seeds, the same 
concepts can be applied to the placement of individual plants 
(that is, plants that have already germinated and sprouted 
beyond the seed Stage, or plants which are grown through 
means other than seed planting, such as the placement of roots 
or bulbs into soil). 
0055 Referring now to FIGS. 1A-1E, we see examples of 
typical crop spacing used in current practice in agriculture. 
FIGS. 1A and 1B illustrate that the spacing between plants in 
the same row (the “in-row spacing 11A, 11B) can be varied, 
as can the spacing between Successive rows (the "between 
row spacing 10A, 10B). FIGS. 1A and 1B illustrate essen 
tially the same concepts, but the in-row spacing 11B and 
between-row spacing 10B of FIG. 1B are greater than the 
in-row spacing 11A and between-row spacing 10A of FIG. 
1A. These figures are included to illustrate how differences in 
spacing between plants and between rows can increase or 
decrease the number of plants or seeds placed per acre offield. 
0056. However, changing the spacing between plants or 
between rows is limited by the dimensions and capabilities of 
the equipment being used to do the planting. A significant 
change in the between-row spacing 10A, 10B may mean that 
the agricultural vehicle and/or implement used to do the 
planting, which has fixed dimensions, may no longer work. 
Spacing must be such that a vehicle can move through the 
field without crushing plants 5 as it moves, and is a function 
of the distance between neighboring seeding/planting units 
on the back of the vehicle. 
0057 FIGS. 1C, 1D, and 1E illustrate the three patterns 
used typically in current agricultural practice when planting a 
row crop. FIG. 1C illustrates single-row planting 12, the 
oldest and most familiar style, in which single rows of plants 
5 are positioned in a field based on the dimensions of the 
planting and/or harvesting machines that will be used. FIG. 
1D shows an attempt to increase the number of plants 5 on a 
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field by using double row spacing 13; that is, adding a second 
row of plants 5 right next to each single row, while still 
respecting the overall dimensions of the row spacing dictated 
by the agricultural machines. FIG. 1E shows a diamond pat 
tern arrangement 14, in which alternating rows of plants 5 are 
offset so that each plant 5 sits at the vertex of an equilateral 
triangle (half of a diamond as shown in FIG. 1E). This equi 
lateral triangular spacing represents the current best effort in 
spacing plants 5. So that each plant 5 is identically spaced 
from every other plant 5, allowing each its own “space” and 
allowing rows to be placed closer together without the over 
crowding and competitive environment for plants 5 seen in 
double-row spacing. 
0058. In order to maximize plant population, plants should 
be placed as closely together as possible, irrespective of any 
fixed row spacing. The ideal spacing is a triangle where the 
length of each side is determined by the soil conditions where 
the seed is planted. FIG. 2A shows an optimal triangular mesh 
plant spacing 14 that is determined based on the soil condi 
tions in the field during planting, and not on the dimensions of 
the planting vehicle. Areas in the field that have soil condi 
tions that are more optimally Suited for Sustaining larger plant 
populations (for example, they have finer textured soil. 
receive more moisture, and/or have adequate quantities of the 
necessary nutrients) will be planted with more seeds/plants 
than areas in the field that do not have the right soil conditions. 
This is illustrated in FIG. 2A, where a dashed line is shown on 
the right-hand side of the figure drawn around four plants 5 
(area 22), showing closer plant 5 spacing, and a dashed line 
near the middle of the figure drawn around only two plants 5 
(area 20), showing more distant spacing. 
0059. In order to determine the proper spacing of plants 
based on Soil conditions, as shown in FIG. 2A, the conditions 
of the soil that exist right before planting time, as close to 
planting time as possible, must be known. Soil sampling can 
be done prior to planting to determine the Soil conditions in 
each location. Ideally, this soil sampling capability will be 
built into the planting vehicle so that soil samples can be taken 
and analyzed in real-time, as planting is occurring. Additional 
detail regarding embodiments of such a soil sampling system 
are presented in later figures, and will be discussed shortly. 
0060 FIG. 2B provides an illustration of how the soil 
conditions can affect the number of plants that can be sus 
tained in a given area in a field. FIG. 2B shows two different 
plants 5 each growing in soil of different conditions. The plant 
on the left of FIG. 2B is growing in soil conditions that are not 
very nutrient-rich (area 220). The plant on the right of FIG.2B 
is growing in soil conditions that are much more nutrient-rich 
(area 210). 
0061 The roots 221 of the plant 5 growing in the nutrient 
poor soil 220 have to spread out farther in order to try to find 
the nutrients it needs to grow, thus creating a large rootball for 
the plant 5. 
0062. The roots 221 of the plant 5 growing in the nutrient 
rich soil 210 do not have to travel far in order to find the 
nutrients it needs to grow, thus creating a relatively small root 
ball. 
0063 FIG. 2C shows an alternate version of the optimal 
spacing shown in FIG. 2A, but this time the spacing is shown 
based on the calculated rootball size of the plants, which is 
calculated by the planting system in real time based on the 
crop type and the current soil conditions of the area. The 
dashed circles 230 represent the predicted size of the rootball 
surrounding each plant 5. Areas of nutrient-rich soil 232 will 
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have more densely packed rootballs 230. Areas of nutrient 
poor soil 231 will have more sparsely packed rootballs 230. 
0064. Ideally, soil characteristics would be sensed on the 
go and adjustments to seed spacing made in real time, with 
both seed placement and seed orientation taken into consid 
eration. FIG. 3 illustrates the importance of seed orientation 
in some cases, such as with corn seed, as shown. When corn 
seeds are planted upside down or sideways they have to 
expend energy to redirect the root and shoots for correct 
orientation. This puts one plant at a slight disadvantage to its 
neighbors, and can have a detrimental yield effect in certain 
soil conditions. The corn seed 33 shown on the left of FIG. 3 
has the correct orientation, so that the root 32 of the plant 
emerges down, into the ground, and the shoot 31 emerges up, 
out of the top of the seed 33, where it continues to push out of 
the ground seeking the sun. The corn seed 33B on the right 
side of the figure has been placed upside down in the soil. 
forcing the root 32B to travel farther (traveling out around the 
seed 33B) to seek nutrients within the ground, and forcing the 
shoot 31 B to do the same, seeking the sun and air of the 
atmosphere. 
0065. The rotation of the seed in the ground, relative to 
other neighboring seeds, is also important. If all corn seeds 
were planted with parallel orientation of the minor axis, maxi 
mum Sunlight would be available to adjacent plants through 
the early growth cycles inasmuch as all corn plants leaf 
through their initial growth cycles with the leafs oriented 
towards that axis. 
0066 An ideal agricultural planting machine will be able 
to take soil samples on-the-go, just before the Soil is seeded, 
and will pick the proper location to maximize crop potential 
and yield, and will be capable of placing individual seeds with 
a known, selected orientation and rotation in the soil. 
0067. This type of placement is done today in the electron 
ics manufacturing industry. Programmable, robotic machines 
called “pick-and-place' machines can picka component Such 
as a resistor, capacitor, or integrated circuit off of a reel or a 
bin of such parts, move to a specified location above a printed 
circuit board specified in X-Y coordinates, and place that 
electronic component with a known orientation and rotation. 
Similarly, an idealized planting machine would be able to 
pick up a seed, move it to a specific location in X-Y coordi 
nates in the field (perhaps based on detected Soil conditions), 
and plant the seed in the ground with the seed having the ideal 
orientation and rotation. Because of its similarity to the pick 
and-place machines of the electronics industry. Such an agri 
cultural planting machine could be referred to as a “pick-and 
plant machine. 
0068. The pick-and-plant embodiment is one embodiment 
of the condition-based planting system of the present inven 
tion and will be discussed briefly. It should be noted that the 
“pick-and-plant version or embodiment of the present inven 
tion is not the only embodiment, and other alternate embodi 
ments will be discussed later in this application. Unless oth 
erwise specified herein, all figures and discussion should be 
considered to apply to all embodiments of the present inven 
tion, including the pick-and-plant embodiment, the Smart row 
unit embodiment to be discussed later, or any variation on 
these machines that still meets the intent of the present inven 
tion as claimed. 
0069. A condition-based planting machine of the present 
invention would need to be able to perform four major func 
tions. FIG. 4 shows the four basic functions of such a 
machine. It should be noted that some variations of this pro 
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cess flow exist and could be made without departing from the 
intent of the present invention. It should also be noted that the 
processes shown in FIG. 4 could be done at separate times or 
with multiple machines. For example, a separate soil sam 
pling machine could pass over the field and create a map of 
soil conditions, and then present that information to a separate 
condition-based planting machine at a later time, perhaps by 
wireless data transfer or direct download. For the purposes of 
discussion, however, we will assume that FIG. 4 and subse 
quent, related drawings will be describing the embodiment in 
which all functions are done by one machine, unless specifi 
cally stated otherwise. 
0070 Referring now to FIG.4, the first step in a condition 
based planting process would be the acquisition of soil 
samples 40. Ideally, this step or Subprocess is designed Such 
that a soil sample can be taken quickly at any point in the field 
where planting is to be done. Depending on the cost and 
complexity of the implementation, however, it may be accept 
able to take a series of Soil samples at Small and regular 
intervals in a field, and to create a map that uses these points 
of information and interpolates the conditions that might exist 
between these periodic samples. 
0071 Soil samples are ideally taken at the depth where the 
seed will be placed, and so the soil sampling system must be 
capable of penetrating or digging up the Soil to the appropriate 
depth, or as close as possible to the proper depth. Additional 
details on various embodiments of a Soil sampling Subsystem 
will be discussed with FIG. 5 through FIG.5F. 
0072 Following acquisition of the soil samples, the soil 
samples must be prepared for analysis, as shown in step 41 in 
FIG. 4. Soil sample preparation consists of the steps needed to 
prepare soil samples for analysis. Preparation may comprise, 
but not be limited to, functions such as removal of debris, 
selection of a suitably-sized sample, handling to break up 
large clumps and distribute the sample evenly, application of 
chemicals as needed to aid in analysis, and/or conveyance to 
the soil analyzer. 
0073. Following preparation of the soil samples, the pre 
pared sample is fed into the soil sample analyzer 43. The soil 
sample analyzer 43 will use various techniques known to 
industry to determine the soil type, moisture level, and chemi 
cal/nutrient content of the given sample. One Such technique 
is a spectral analysis of the components in the sample using 
Raman spectroscopy, a spectroscopic technique used to 
observe the vibrational, rotational, and other low-frequency 
modes in a sample. Raman spectroscopy relies on the inelas 
tic scattering (Raman scattering) of monochromatic light 
from a laser to identify various chemical compounds in the 
sample. A Raman spectroscopic analyzer could be developed 
using micro-electromechanical systems (MEMS) and a line 
narrowed, high performance 785 nanometer stabilized diode 
laser. 

0074 Various other techniques may be used to identify the 
nutrients and moisture content in the soil sample without 
varying from the inventive concept presented herein. 
0075. The goal of the chemical analysis of the soil sample 
will be to identify, at a minimum, the percent concentration or 
total amount of the following major nutrients required for 
plant growth: 

0.076 Nitrogen 
0.077 Phosphorus 
0078 Potassium 
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0079. In addition to these three major nutrients, nine addi 
tional nutrients would ideally be determined as part of soil 
sample analysis. These include: 

0080 Sulfur 
I0081 Magnesium 
0082 Calcium 
0083. Iron 
0084. Boron 
I0085. Manganese 
0086. Zinc 
I0087 Molybdenum 
I0088 Copper 

0089 Existing systems in the prior art today sometimes 
attempt to use soil data to determine the parameters of plant 
ing (when to plant, how much to plant, what type of seed, etc.) 
However, existing techniques used in precision planting pro 
vide only an approximation of actual field conditions, and can 
only be effectively done by hand in a very limited number of 
locations within a field. The prior art systems do not acquire 
samples in real time, as does the present invention. A very 
Small set of samples may be taken by hand and sent to a 
laboratory for analysis. Getting results back from the lab may 
take a few days, if not longer, and therefore the data received 
is not only very limited in Sample quantity and location, it is 
quite old by the time actual planting needs to be done. 
0090 Soil type would also be determined by the present 
invention. Different types of soil promote plant growth better 
than others. The three major types of soil are clay, sand, and 
silt, as well as combinations of each of these soil types. This 
information would be used to help determine the ideal plant 
ing pattern and spacing. 
0091 Soil information is stored along with the location in 
the field, which may be obtained from a global navigation 
satellite system (GNSS, such as the global positioning system 
or similar satellite-based systems) or from any other appro 
priate location source. A map showing soil conditions as they 
exist at various locations in the field is created. 

0092. It should be noted that there are various methods of 
obtaining soil samples 40 that will meet the intent of the 
present invention. Various means of collecting soil samples 
are described later in this specification, but it is important to 
point out now that a soil sample may be obtained by Raman 
spectroscopy, a technique described previously in this appli 
cation, without actually needing to bring the soil into the 
planting machine for analysis. Ideally, this spectroscopic 
analysis would be done on soil that has been overturned at or 
near the depth where the seeds are to be planted, but it may be 
possible to determine the composition and content of the soil 
by doing the spectroscopic analysis on the topsoil before it is 
overturned. However, since the seeding process typically 
requires the overturning of the soil in order to plant the seed, 
it is likely that the analysis would be done on overturned soil. 
0093. If the Raman spectroscopic analysis is done with the 
soil in situ, then the Soil sample preparation step 41 would 
consistentirely of turning the Soil over and exposing soil at a 
depth close to the planting depth. 
0094. Once the soil sample analysis is complete, the soil 
conditions map is sent to the condition-based planting Sub 
system 44, the last process shown in FIG. 4. The planting 
Subsystem then uses the data to determine the proper spacing 
and concentration of seeds/plants, and then plants based on 
this determination. 
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0.095 One embodiment of the condition-based planting 
machine as captured in FIG. 4 would comprise some or all of 
the following: 

0.096 Real-time soil nutrient (chemical) sensors 
0097. Real-time soil moisture sensors 
0098 Real-time soil PH sensors 
0099 Real-time soil type determination (clay, sand, 

silt) 
0.100 Real-time correlation of plant spacing to timing 
and weather conditions 

0101 FIG. 4A is a high-level block diagram showing the 
functional areas utilized by an alternate embodiment of the 
condition-based planting machine of the present invention, 
where nutrients are added to the soil as needed based on soil 
analysis. In this alternate embodiment, instead of taking 
Smaller discrete soil samples from the ground, the machine 
digs wider, continuous trenches as it moves through the field, 
pulling all of the oil removed from the trench into the machine 
for analysis and potentially for treatment through the addition 
of nutrients. 

0102 The process in FIG. 4A starts with soil trenching and 
sample acquisition 48, in which one or more soil trenching 
units are used to dig tracks or trenches in the soil, and the soil 
that is dug up is pulled up into the machine. The soil is then 
prepared in the second step of the process 49, which may 
comprise, but not be limited to, mixing of the soil, removal of 
debris, and transportation to a soil analysis Subsystem. Soil 
analysis 50 is then performed, similar to the soil sample 
analysis in FIG. 4, followed by condition-based planting 51, 
in which the seeds/plants are planted in an appropriate loca 
tion to take advantage of the existing soil conditions. Since 
the soil beneath the agricultural vehicle has been dug up in 
wide trenches, "planting in this embodiment is determining 
the proper location within the existing trench it which to drop 
the seed or plant, or, optionally, to push it deeper beneath the 
trench, depending on the depth of the trench and the optimal 
planting depth. Finally, the soil must be replaced 53 to fill in 
the trench. First, based on the results of the soil analysis, it is 
determined if the existing soil captured from the trench has 
adequate nutrients 52 for optimal plant growth. 
0103) If the soil does not have adequate nutrient content, 
this embodiment of the machine has the option of branching 
off to a nutrient addition step 54, where chemicals such as 
fertilizers, pesticides, etc. or natural Substances are added to 
the soil so that, ideally, the treated soil now has the required 
nutrients to optimize seed/plant growth, and then the soil is 
replaced into the trench and compacted if appropriate. If the 
soil already has an adequate level of nutrients, the soil is 
replaced 53 without the nutrient addition step. 
0104. As with the process shown in FIG. 4, the process 
shown in FIG. 4A could be done without actually pulling the 
soil into the machine. Soil trenching and sample analysis 48 
would consist primarily of overturning the soil to an appro 
priate depth, soil preparation 49 may be combined into the 
soil trenching and sample analysis step 48, or may consist of 
a preparation step that can be applied to the Soil in situ (for 
example, drying the soil or adding moisture to aid in the 
analysis process). The soil analysis might consist of Raman 
spectroscopy as previously described. 
0105 For the purposes of clarity, FIG. 4B reproduces the 
flow of FIG. 4A but combines steps 48, 49, and 50 into a 
single new process 50A called soil analysis. This alternate 
version of the flow could be used when the soil analysis is 
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done in situ (that is, when the soil is left in place on the 
ground, although it may be overturned or otherwise affected). 
0106 FIG. 5 shows one potential embodiment of a soil 
sampling Subsystem 500. A trencher or similar ground-en 
gaging device 550, driven by a motor 552 or similar mecha 
nism, would dig into the ground, bringing soil samples 554 
from the appropriate depth up from the ground in scoops 556 
mounted on the trencher 550. Soil samples 554 would drop 
from the trencher scoops 556 into a mixer 508 which prepares 
the soil samples 554 for analysis. This may include sifting of 
the soil to remove debris and break up larger clumps as well 
as other processes as appropriate. 
0107 The prepared sample is then moved to an extractor 
502, which removes an appropriate amount of material 504 
from the prepared sample and delivers it to the Soil analysis 
unit 506. All of the processes done by the soil sampling 
subsystem 500 are controlled by one or more electronic con 
trol units 512, and the information extracted for each sample 
is paired with a geographic location obtained from an integral 
location sensor 510 or a separate location source in commu 
nication with the soil sampling subsystem 500. The location 
based sample data is used to create a soil conditions map. 
which will be used by the condition-based planting system 
(the pick-and-plant machine or an alternate embodiment) to 
determine how to plant the seeds/plants. 
0108. The embodiment of the soil sampling subsystem 
500 shown in FIG. 5 shows the use of a trenching device 550 
to dig up soil samples 554 (or to dig trenches as required by 
the trenching embodiment represented by the process in FIG. 
4A). A trenching system is just one embodiment of a ground 
engaging device for acquiring soil samples. 
0109 FIG. 5A shows an alternate embodiment of a soil 
sampling device 550A that could be used with the soil sam 
pling subsystem of FIG. 5 in place of the trencher 550. This 
alternate embodiment of a soil sampling device 550A has a 
series of sampling tubes 503 which radiate out from a central 
hub 507, similar to spokes radiating out from a hub on a 
bicycle wheel. These sampling tubes 503 are hollow, rigid 
tubes which are pushed down into the ground 501 as a vehicle 
515 on which the soil sampling device 550A is mounted 
moves forward. The soil sampling device 550A is mounted to 
the vehicle 515 by an attaching strut 513, which also serves as 
a conveyor to bring collected soil samples 505A from the 
device into the vehicle 515 and the soil analysis system. 
0110. As the hub 507 on the soil sampling device 550A of 
FIG. 5A turns, each sampling tube 503 is pushed into the 
ground 501 in turn, such that each tube 503 collects a “core 
sample' of soil 505 from the ground. As the wheel turns and 
additional core samples 505 are pushed into each sampling 
tube 503, the earlier collected core samples 505 are pushed up 
into the sampling tubes 503, until at some point the earliest 
collected samples 505 are pushed out into a central collection 
chamber 509 inside the hub 507. The samples 505 are mixed 
together in the collection chamber 509 and dropped onto a 
conveyor (inside the attaching strut 513) which take the 
samples 505 to the soil analysis system inside the vehicle. 
0111 FIGS. 5B through 5F show several alternate 
embodiments for a soil sampling device. These are provided 
to show than there are various devices that can be used to 
collect the soil samples as required by the present invention 
and the embodiments shown in these figures are neither com 
plete nor intended to be limiting in any way. 
0112 FIG. 5B is an illustration of an alternate embodi 
ment of a vehicle-mounted Soil sampling device used for 
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taking soil samples in real-time relying on a flailing mecha 
nism in contact with the soil. The device is mounted on an 
adjustable arm 521 and uses a hydraulic cylinder 517 to lower 
and raise the arm 521. On the end of the arm 521, a soil 
engaging head 525 is mounted. The soil engaging head 525 
comprises a rotating wire flail 523, the purpose of which is to 
strike the soil and throw the soil up into a collection system 
inside the arm 521 for transport into the machine for analysis. 
The collection system is not shown in FIG. 5B but is essen 
tially a conduit for moving the soil thus collected by the wire 
flail 523 and its implementation would be obvious to one 
skilled in the art. Optionally, a safety shield 519 is placed 
around the wire flail 523. 

0113 FIG. 5C is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time relying on an alternate type of flailing 
mechanism in contact with the soil. The device is mounted on 
an adjustable arm 521 and uses a hydraulic cylinder 517 to 
lower and raise the arm 521. On the end of the arm 521, a soil 
engaging head 525 is mounted. The soil engaging head 525 
comprises a spinning trenching disk 527, the purpose of 
which is to strike the soil and throw the soil up into a collec 
tion system inside the arm 521 for transport into the machine 
for analysis. The collection system is not shown in FIG. 5C 
but is essentially a conduit for moving the soil thus collected 
by the trenching disk 527 and its implementation would be 
obvious to one skilled in the art. Optionally, a safety shield 
519 is placed around the trenching disk 527. 
0114 FIG. 5D is an illustration of an alternate embodi 
ment of a vehicle-mounted device used for taking soil 
samples in real-time relying on a Scooping mechanism. The 
device is mounted on an adjustable arm 521 and uses a 
hydraulic cylinder 517 to lower and raise the arm 521. On the 
end of the arm 521, an s-shaped collection tube 529 is 
mounted such that the lower open end of the tube 529 can be 
pulled through the Soil causing soil to be pushed up inside the 
tube 529 for collection. As more soil is pushed into the lower 
head of tube 529, earlier samples are pushed up further in the 
tube 529 and eventually push out of the upper end of the tube 
529, where they can be moved into the soil analysis portion of 
the system through a collection system (not shown). 
0115 FIG.5E is an illustration of an alternate embodiment 
of a vehicle-mounted device used for taking soil samples in 
real-time relying on a probing mechanism. This embodiment 
of the Soil sampling device is mounted on an adjustable arm 
521A which uses a hydraulic cylinder 517A to move the arm 
521A up and down. On the end of arm 521A, a ground 
engaging head 525 is mounted. In this embodiment of the 
ground engaging head 525 a disk 531 is used to cut into the 
soil and a probe mechanism 533 is mounted such that it can be 
lowered and pushed into the Soil to acquire a sample. A 
second hydraulic cylinder 517B is used on the ground engag 
ing head 525 to raise and lower the probe 533 to take the 
sample 

0116 FIG.5F is an illustration of an alternate embodiment 
of a vehicle-mounted device used for taking soil samples in 
real-time relying on a rotary probing mechanism. The device 
is mounted on an adjustable arm 521 and uses a hydraulic 
cylinder 517 to lower and raise the arm 521. On the end of the 
arm 521, a soil engaging head 525 is mounted. The soil 
engaging head 525 comprises a cutting disk 537, and 
mounted to the cutting disk 537 are one or more ground 
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probes 535. The probes 535 are mounted on the disk 537 such 
that they push down into the soil as the disk 537 is pulled 
through the soil. 
0117 FIG. 6 shows a top view of one embodiment of a 
condition-based planting machine as described herein. It 
should be noted that several variations to the machine shown 
in FIG. 6 may be made without departing from the intent of 
the present invention, and that this embodiment is shown as 
one potential implementation. 
0118. The front end of the condition-based planting 
machine of FIG. 6 is shown on the far left. A soil sampling 
carriage or “toolbar 611 holds one or more soil sampling 
units 610. As the condition-based planting machine moves 
forward, the Soil sampling units 610 engage the Soil of the 
field and collect samples. In one embodiment of the machine, 
the one or more soil sampling units 610 are capable of moving 
back and forth along the width of the Soil sampling carriage 
611, so that any point to be traveled over by the soil sampling 
carriage 611 can be sampled. That is, if only one soil sampling 
unit 610 existed on the soil sampling carriage 611, that unit 
610 could be lifted from the ground and moved sideways to 
another point along the carriage 611 and then lowered back 
into the Soil at a new location. Similarly, multiple soil Sam 
pling units 610 could move along the soil sampling carriage 
611 to cover the ground between sampling units 610. Alter 
nately, an adequate number of soil sampling units 610 can be 
fixed permanently on the Soil sampling carriage 611 to ensure 
coverage to a Sufficient resolution for sampling purposes, and 
the soil sampling units 610 would not need to move back and 
forth. 
0119) A seed tank containing particulate matter 614 (typi 
cally seed for a planter, but the concept can be applied to other 
Substance such as fertilizer, such that precise placement of 
other types of matter can be achieved with the same machine) 
feeds into one or more X-Y position seeding units 618. Each 
X-Y seeding unit 618 has an appendage or other seeding tool 
which is mounted on an X-Y translation platform. The trans 
lation platform can move the seeding tool Such that it is 
directly over any specified position in the field that is cur 
rently directly beneath the translation platform. Therefore, 
when the condition-based planting machine determines the 
soil conditions in front of the seeding units 618, the map of 
conditions at each location is given to an electronic control 
unit (not shown). The electronic control unit uses the infor 
mation to determine where individual seeds/plants should be 
placed, and commands the one or more X-Y position seeding 
units 618 to move their seeding tool to the appropriate loca 
tion in the soil and the seeding tool would engage the Soil at 
that point and place the seed in the ground at the proper 
location. 
0120 A single, larger X-Y position seeding unit 618 could 
be used in place of the smaller seeding units 618 shown in 
FIG. 6. The inventive concept remains the same whether one 
larger unit is used or several Smaller ones. The seeding tool is 
moved Such that it is over the proper location for planting as 
determined by the soil conditions information, and the seed is 
placed into the soil. Components 612A and 612B show the 
front vehicle tires and the rear vehicle tires, respectively. 
0121 FIG. 7 shows a close up view of a single X-Y posi 
tion seeding unit 618, showing that multiple positions can be 
commanded. Any of the small dots shown within the rect 
angle of the seeding unit 618 represents a potential position of 
the seeding tool, and the spacing of these dots depends on the 
resolution of the X-Y translation platform implementation. 
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Three potential positions for the seeding tool, Position A, 
Position B, and Position C, are shown for illustrative pur 
poses. 
0.122 The implementation of a X-Y translation platform is 
known in the industry (such as the X-Y translation platforms 
done for pick-and-place machines in electronics manufactur 
ing, and the implementation of Such a platform for use in the 
present invention would be obvious to one skilled in the art. 
(0123 FIG. 8 provides another view for how several X-Y 
position seeding units 618 can work in concert to cover a 
larger area of ground. Each unit shown has a larger circle on 
it, representing a hypothetical location of a seeding tool 
beneath each unit. If one imagines a line connecting each of 
the “current placement positions' on each of the X-Y seeding 
units shown from left to right, the line thus produced would 
show the spacing of seeds beneath the planting machine, 
similar to the optimal triangular spacing shown in FIG. 2. It 
should be noted that the timing of seeding tool engagement of 
each of the respective X-Y seeding units 618 is asynchronous, 
and actual seeding by each tool is timed Such that it places the 
seed properly in the direction of travel of the machine. That is, 
if the seed is placed by the left-most seeding unit 618shown 
in FIG.8 at time 0, and the seed placed by the seeding unit 618 
next to it is placed by that unit at time 1, then the two seeds 
will be placed farther apart than they would be if both seeding 
units 618 planted at the same exact time. Several example 
planting positions are shown in FIG. 8 for illustrative pur 
poses. The location labeled POS1 shows an example place 
ment of the planting tool (and therefore the seed) for the first 
seeding unit 618 on the planter. POS2 and POS3 show hypo 
thetical seeding placements for seeding unit 2 and seeding 
unit 6, respectively. 
0.124 FIG. 9 shows a potential alternate embodiment of 
the condition-based planting system, in which separate, 
autonomous vehicles are used to perform the high-level func 
tions shown in FIG. 4. One or more autonomous sampling 
units 900 proceed through a field taking samples with a soil 
sampling device 905 and creating a soil conditions map as 
previously described based on location information received 
by a global navigation satellite system (GNSS) receiver 930. 
The soil conditions map thus created is transferred wirelessly 
(or by any appropriate means of data transfer) to one or more 
autonomous planting units 910, which also have GNSS 
receivers 930 and which use the soil conditions map data to 
determine how they are to plant. The autonomous planting 
units 910 contain seed and/or chemicals in one or more stor 
age tanks 915, and can use planting tools 920 to put seed into 
the ground 903. The units in this embodiment are autonomous 
and can move through the field without an operator. When 
more than one autonomous unit (either sampling or planting, 
900 or 910) are present, the autonomous vehicles will com 
municate with each other and coordinate the sampling and/or 
planting process Such that no overlap occurs in the field. 
0.125. In should be noted that one advantage of a condi 
tion-based planting machine as described herein is that it is 
possible to record the specific location (latitude and longi 
tude) of every seed/plant that is planted in a field, since each 
seed/plant (or group of seeds/plants) is placed at a specific 
location by the planting machine. Since the vehicle or system 
knows its location through the use of a GNSS sensor 930, this 
precise location data can be stored for each placement, and a 
seed/plant location map can be generated and used by other 
vehicles or Subsequent passes of the same vehicle. By know 
ing the exact location of each seed or plant, a chemical spray 
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ing system, for example, can deliver fertilizer or other chemi 
cals to only the points needed based on the seed/plant location 
map. 
0.126 Smart Row Unit Embodiment 
0127. The remaining figures (FIGS. 10 through 15) illus 

trate an alternate embodiment of the condition-based planting 
machine of the present invention. While the previous 
examples and figures in this specification focused on an 
embodiment of the condition-based planting machine based 
on a “pick-and-plant concept, the embodiment described 
below is centered on the use of a “smart row unit.” Planting 
machines that exist in the prior art today are typically 
designed around the concept of a “row unit.” 
0128 FIG. 10 is an illustration of a typical seeding/plant 
ing row unit of the prior art. The device shown here is called 
a "row unit as it is designed to drop a single line of seeds into 
a furrow that is opened as the front of the row unit is pulled 
through the soil. Several row units are attached to a draw bar 
and pulled behind a tractor in order to sow several rows of 
seeds at once. 
0129. Turning to FIG. 10, the prior art row unit has an 
“opener” 1012 near the front that consists of a disk or similar 
device for cutting a furrow into the soil. The row unit is 
connected by means of a “towing frame 1006 to the draw bar 
of a planting implement so that the row unit can be pulled 
through the field. Each row unit has a “seed bin' 1002 con 
taining the seeds that are to be planted. These seeds are fed 
into a seed meter 104 which is built into seedbin 1002, and the 
seed meter 1004 is responsible for dropping the seeds down 
into the furrow created by the opener1012 at a controlled rate. 
0130 Optionally, the row unit of the prior art has one or 
more chemical tanks 1000 that are used to hold chemicals, 
Such as fertilizer, pesticide, etc., that may be sprayed into the 
furrow as the seed is dropped. The seed bin 1002 and the 
chemical tank 1000 are supported by a row unit frame 108 
that provides the structural Support required to hold the com 
ponents of the row unit. In the back of the row unit, there are 
typically closing wheels 1010 which pass over the furrow, 
pushing the displaced dirt from the furrow back into the 
furrow and packing it to “close the furrow over the planted 
seed. A gauge wheel 1014 is sometimes used on these row 
units to provide information on the height and or density of 
the soil immediately beneath the row unit. 
0131 FIG. 11 is an illustration of an implement with mul 

tiple row units 1104 from the prior art. FIG. 11 shows several 
row units 1104 attached to a single draw bar 1102 to form a 
tow-behind agricultural implement, such as a planter. The 
draw bar 1102 is itself attached to a tractor hitch 1100 so that 
it can be pulled behind a tractor so it can be moved through a 
field. A key characteristic of this configuration, and one of its 
key limitations, is that the spacing of the row units 1106 is 
fixed. The row units 1104 themselves do not have sensing 
capabilities to detect the conditions of the soil into which they 
are planting, and so there is no information upon which the 
implement or row units 1104 can draw to change the spacing 
of the rows 1106, so the default is to create straight rows. 
Placing the rows as close together as possible to maximize a 
crops yield has some effect, of course, but knowing the 
ultimate moisture and nutrient content of the soil before the 
seeds are placed into it might allow significant additional 
improvements in yield if the spacing of the seeds can be 
controlled. 
0132 FIG. 12 is a top view depiction of one embodiment 
of a smart row unit 1150 of the present invention. The concept 
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behind the “smart row unit 1150 is that innovative new 
sensors are integrated into a row unit to sense Soil conditions 
and seed placement and that the spacing between units 1150 
and the seed drop rate can be dynamically changed to take 
advantage of this new knowledge. 
0.133 Turning to FIG. 12, this top view of one embodiment 
of the Smart row unit 1150 of the present invention shows a 
soil sensing system 1116 near the front of the smart row unit 
1150. This soil sensing system 1116 is capable of analyzing 
the soil to determine moisture content and nutrient content. In 
one embodiment, this might be done using a spectrographic 
analysis of the overturned soil to determine its contents. In 
another embodiment, a sample of Soil may be pulled up into 
the sensing system for additional preparation and analysis 
steps, as described previously in this specification. It should 
be noted that all of the Soil sampling devices discussed pre 
viously in this specification can be adapted for use on a Smart 
row unit 1150. 
I0134. The Smart row unit 1150 also has a seeding system 
1112 which comprises a bin containing the seed to be planted, 
a metering system for controlling the rate at which seed is 
dropped into the ground as well as the position at which it is 
dropped, and a processor for interpreting soil data from the 
soil sensing system 1116 and for controlling the seed place 
ment. 

0.135 The seeding system 1112 is tied into a nutrient sys 
tem 1110 which contains chemicals that can be used to 
Supplement the nutrients missing from the Soil as detected by 
the soil sensing system 1116. If the soil is found to be lacking 
enough nitrogen, for example, based on the current soil con 
ditions, the type of crop, the season, etc., then additional 
nitrogen can be added to the soil or mixed with the seeds 
before they go into the ground. 
0.136 The smart row unit 1150 has a seed placement sen 
sor 1108 which is used to detect the exact depth and side-to 
side placement of the seed once it has been planted. This 
allows the seed location to be marked and added to a “planted 
crop map' which shows where the seeds are and how deep 
they are, so that future application of fertilizer and other 
chemicals can be placed exactly on the spot where the seed or 
plant is, and the waste caused by blanketing an entire area 
with chemicals is avoided. 
0.137 The steering unit 1114 on the front side of the smart 
row unit 1150 is module which takes commands from the 
smart row unit 1150 and which responds as appropriately my 
moving the Smart row unit 1150 side-to-side on the draw bar 
to with it attached, controlling the side-to-side placement of 
seeds. The steering unit 1114 may comprise an electric or 
hydraulic motor which can pull the Smart row unit 1150 back 
and forth along the draw bar. 
0.138 FIG. 13 is a side view depiction of one embodiment 
of a smart row unit 1150 of the present invention. This can be 
compared and contrasted to the prior art row unit of FIG. 10. 
The Smart row unit may use Some of the same conventional 
components as seen on the prior art row unit. For example, the 
closing wheels 1120, gauge wheel 1122, and the opener 1124 
may be essentially the same as those used for the traditional 
row unit, providing a similar footprint. 
(0.139. However, the upper half of the smart row unit 1150 
show significant differences. The illustration shown here is 
meant to show once possible embodiment of the Smart unit 
1150 and variations on the concept shown here are possible 
without varying from the inventive concept. Turning back to 
FIG. 13, the soil sensing system 1116 is shown as being close 
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to the front of the smart row unit 1150, as the soil needs to be 
sampled and analyzed before any action can be taken. This 
illustration assumes that the soil sensing system 1116 is an 
integral part of the Smart row unit 1150, but it may actually be 
a separate Subsystem or tool, and may even be mounted on a 
separate vehicle which has made a previous pass over the 
same area, collecting data. 
0140. The soil sensing system 1116 must take a sample of 
overturned soil and analyze it for both moisture and nutri 
tional content. It will also look at Such things as soil type, Soil 
fertility, and the time of year that the planting is being per 
formed. This might be accomplished by illuminating the 
overturned soil with various wavelengths of light and analyZ 
ing which wavelengths are absorbed and which are reflected, 
using a spectrographic type of analysis, as previously 
described in this specification. Other methods of soil analysis 
known to those skilled in the art may be used to achieve this 
function. 

0141. The seeding system 1112 will typically be mounted 
such that is drops seeds directly into the furrow as it is opened 
by the opener 1124. The seed meter that is currently used in 
the prior art, or at least one that is electrically driven and can 
be driven at various speeds, may be used to drop seeds. The 
seeding system 1112 would determine (based on information 
from the Soil sensing system 1116 and, optionally, other sen 
sors and data Sources, the rate at which seeds should be 
dropped and would drive the seed meter to drop a seed at the 
appropriate moment. However, it would also be possible to 
have an entirely new type of seed delivery mechanism that has 
better control over both the location and depth of the seed, 
such as the X-Y translation platforms shown in FIGS. 6-8. 
The seeding system 1112 may also have a processor or con 
trol module for interpreting the data from all inputs and sens 
ing systems and for generating system control directives. This 
control module, not shown here as it is integral to the seeding 
system 1112 in this embodiment, could be a separate module. 
0142. The seeding system 1112 (or a separate control 
module) would communicate with other system modules and 
generate commands to send to the nutrient system 1110 as to 
what types of chemicals/nutrients are needed, to the steering 
unit 1114 to move the smart row unit from side to side as 
needed for seed placement, and to the seed placement sensor 
1108 to acquire information about final seed placement or to 
command changes in sensor settings. 
0143. The nutrient system 1110 contains several separate 
types of chemicals, which may include fertilizers and pesti 
cides, individual soil nutrients, and water, all of which can be 
added to the furrow or to the seed itself as required based on 
the soil conditions. The nutrient may be separated by type and 
mixed together in the nutrient system 1110 as required to 
create the proper Supplement to add to the soil. 
0144. The seed placement sensor 1108 is a sensing device 
which can determine the three-dimensional location of the 
planted seed with high accuracy. Ideally, this is done after the 
furrow has been closed and the dirt packed back on top of it. 
In order to do this, a technology Such as a ground-penetrating 
radar may be used to find the seed precisely as it exists 
beneath the Soil, emitting a sensor signal 1126 to detect the 
seed in situ. If a ground-penetrating radar is used, the sensor 
itself may actually be much closer to the ground than it is 
shown in FIG. 13. It might even be in contact with the ground. 
For instance, a polyethelene (or similar material) pad may be 
beneath the radar sensor and drag on the ground itself. 
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0.145) Other types of technology are possible for this sen 
sor. For example, before the dirt is put back on the seed, the 
seed can be located with an optical system (visual identifica 
tion of the location without the dirt covering it). 
0146 The steering unit 1114 is a device that may ride on 
the draw bar of the implement (as shown in FIG. 14, to be 
discussed) and is used to move the Smart row unit 1150 from 
side to side, as commanded by the seeding system 1112. It 
may be a motorized component Such as a gear or wheel that 
sits in a track on the draw bar 1126 and can be commanded to 
move back and forth on the track to pull the smart row unit 
1150 one way or another. 
0.147. Other means of moving the row unit from side to 
side may be used without deviating from the functional intent 
of this invention. 

0.148 FIG. 14 is an illustration of one embodiment of an 
implement with multiple Smart row units 1150 as described in 
the present invention. Several of the smart row units 1150 
shown in FIG. 13 can be added to a draw bar 1126 as shown 
in FIG. 14 to make a multi-row implement. The steering units 
1114 on the Smart row units 1150 may pull the smart row units 
1150 back and forth on a track in the draw bar or on the draw 
bar 1126 itself. The implement in FIG. 14 can be compared 
and contrasted to the prior art implement of FIG. 11, and one 
of the key differences other than the row units themselves is 
the ability to have variable spacing between rows with the 
smart row units, as indicated by 1130A and 1130B, com 
manded as needed to move the seed to the areas with the best 
nutrient conditions. 

014.9 FIG. 15 is a depiction of a potential use for the smart 
row units 1150 of the present invention. As the implement is 
towed (by a tractor, not shown) toward the right hand side of 
the page, the smart row units 1150 (shown here as dotted lines 
but visible in FIG.14) are moved along the draw bar 1126 (see 
FIG. 14) each controlled individually, to create curving travel 
paths as needed to move seed to the locations with the best soil 
conditions for growth. The dashed lines shown are the travel 
paths 1132 of each individual smart row unit 1150 in this 
fictional example. The black dots or circles 1134 are meant to 
indicate locations where one or more seeds was dropped. By 
controlling the side-to-side location of the Smart row units 
1150 in relation to the draw bar 1126, and by controlling the 
precise moment of seed drop, the planter can locate the seeds 
as needed to match the best Soil conditions. 

0150. Two areas are circled in FIG. 15 for comparison 
purposes. Area A shows a tight pattern of travel paths coupled 
with a large number of consecutive seed drops to create a 
highly populated area in the field. This is likely due to the fact 
that Area A was seen as having the best nutrient conditions for 
planting. 
0151. Area B shows an area of low density or low seed 
population, likely due to the fact that the nutrient content for 
that area (or other conditions) were see as less conducive to 
growing that other areas in the field. 
0152 Harvesting a Crop Planted with Optimal, Non-Uni 
form Row Spacing 
0153. Because the inventions described herein deviate 
from the normal practice of ensuring straight rows of plants 
that can be readily harvested with standard equipment, there 
may be a need to develop a new type of header to deal with 
crops that are not in a rows. For example, a typical corn 
combine header is constructed of a series of 'snouts” or 
pointed projections arranged like the teeth on a comb that 
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move through the rows of the corn crop and guide the stalks 
being harvested into a gathering mechanism on either side of 
each Snout. 
0154 It would be possible to create a combine header with 
narrower Snouts that can move from side to side along the 
header in real-time (while harvesting) to move between stalks 
that are not planted in consistent row spacing. Such a harvest 
ing head could accept data stored by a condition-based plant 
ing machine as described herein Such that it knows the precise 
location of each placed seed or plant, and could move the 
Snouts from side to side based on this data in order to grab 
each plant. 
0155. It may also be possible to design a header that has 
Smaller Snouts and a novel mechanism for pulling the stalks or 
plants into the header that allows the smaller snouts to be 
placed close enough together to compensate for the non 
uniform spacing created by the present invention. U.S. Pat. 
No. 7,484.348 by Bich describes a header invention that 
would allow much smaller row spacing, and this invention 
may work for harvesting a non-uniformly spaced crop as 
described herein. 
0156 Having described the preferred embodiments, it will 
become apparent that various modifications can be made 
without departing from the scope of the invention as defined 
in the accompanying claims. In particular, the processes 
shown in the figures and described in the specification may be 
performed by multiple vehicles and at different times, either 
with a driver or by autonomous vehicle, with each vehicle 
performing a subset of the functionality required. Also, any 
appropriate soil-engaging device can be used to take a soil 
sample at the desired depth, and the trenching devices shown 
herein are not meant to be limiting in anyway. Other appro 
priate ground-engaging devices include, but are not limited 
to, drills, augers, plows, and disks. Any appropriate type of 
analysis may be used to determine the type, nutrient content, 
and moisture of the soil. 
0157. Two main examples of a condition-based planting 
machine are given herein, a “pick-and-plant machine that 
uses one or more X-Y translation platforms to position seeds 
in the travel path of a planting vehicle, and a machine using 
Smart row units which can move side-to-side along the travel 
path of a planting vehicle to place seeds appropriately. There 
may be additional methods of placing seeds in optimal soil 
conditions other than those shown here which are function 
ally equivalent to the present invention. 
0158. The examples and processes defined herein are 
meant to be illustrative and describe only particular embodi 
ments of the invention. 

What is claimed: 
1. A soil sampling and analysis system, comprising: 
a vehicle; 
a ground-engaging device mounted on the vehicle, wherein 

the ground-engaging device can acquire a Soil sample 
from a pre-determined depth in the ground near the 
vehicle: 

a sample preparation module, the sample preparation mod 
ule mounted on the vehicle and capable of receiving the 
Soil sample from the ground-engaging device, perform 
ing at least one preparatory step on the soil sample: 

a soil analysis unit, the soil analysis unit capable of per 
forming at least one analysis step on the Soil sample, 
wherein at least one condition is determined about the 
Soil sample; 
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a location sensor; and 
a processor, the processor capable of receiving information 

on the at least one condition of the soil sample and 
location information from the location sensor, 

whereby the vehicle is capable of moving through an area 
of land and periodically acquiring soil samples, and 
whereby the processor is capable of combining the 
information on the at least one condition of the soil 
sample and the location information to create a map of 
Soil conditions that exist in the area of land. 

2. A real-time soil analysis system, comprising: 
a vehicle; 
a ground-engaging device mounted on the vehicle, wherein 

the ground-engaging device is used to overturn soil; 
a soil spectroscopic analysis unit, the Soil spectroscopic 

analysis unit capable of performing at least one analysis 
step on the overturned soil, wherein at least one condi 
tion is determined about the overturned soil; 

a location sensor; and 
a processor, the processor capable of receiving information 

on the at least one condition of the overturned soil and 
location information from the location sensor, 

whereby the vehicle is capable of moving through an area 
of land and periodically overturning soil, and whereby 
the processor is capable of combining the information 
on the at least one condition of the overturned soil and 
the location information to create a map of soil condi 
tions that exist in the area of land. 

3. An agricultural planting system, comprising: 
a soil sampling and analysis means, wherein soil samples 

are taken and analyzed in real-time during a planting 
operation to determine the conditions and nutrient con 
tent of the soil; and 

a planting system, wherein the planting system is capable 
of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting system, 

whereby the data gathered from the analyzed soil samples 
is used to determine the optimal placement of seeds or 
plants in a field in order to take advantage of the soil 
conditions present and to optimize crop yield. 

4. The agricultural planting system of claim 3 wherein the 
planting system further comprises at least one pick-and-plant 
unit, the pick-and-plant unit comprising an X-Y translation 
platform, and a planting tool located on the underside of the 
X-Y translation platform capable of interacting with the 
ground, wherein the planting tool can be moved to and loca 
tion on the X-Y translation platform, and wherein the planting 
tool can place one or more seeds in the ground at a com 
manded location. 

5. The agricultural planting system of claim 3 wherein the 
planting system further comprises at least one Smart row unit, 
the Smart row unit capable of moving from side-to-side per 
pendicular to the path of the planting system and of placing 
one or more seeds into the ground at a commanded location. 

6. An agricultural planting system, comprising: 
a soil trenching and analysis means, wherein soil is taken 

from trenches dug along the travel path of the planting 
system and analyzed in real-time during a planting 
operation to determine the conditions and nutrient con 
tent of the soil; 

a planting system, wherein the planting system is capable 
of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting system; and 
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a nutrient additive means, wherein nutrients may be added 
to the soil taken from the trenches when the existing 
nutrient content is determined to be less than optimal, 

whereby the data gathered from the analyzed soil is used to 
determine the optimal placement of seeds inside the 
trench in order to take advantage of the soil conditions 
present and to optimize crop yield, and whereby the soil 
taken from the trenches is returned to the field to fill in 
the trenches and cover the seed just planted. 

7. An agricultural planting system, comprising: 
a planting system, wherein the planting system is capable 

of planting seeds in any arbitrary position on an X-Y 
plane directly beneath the planting system; and 

a soil conditions map, wherein the Soil conditions map 
consists of a plurality of geographic locations paired 
with at least one condition of the soil found at each 
geographic location; 

whereby the data contained in the soil conditions map is 
used to determine the optimal placement of seeds or 
plants in a field in order to take advantage of the soil 
conditions present and to optimize crop yield. 

8. A method of agricultural planting comprising: 
mounting a soil sampling means on the front of a planter; 
taking soil samples from multiple points in a field along the 

travel path of the planter; 
analyzing the Soil samples to determine the conditions and 

content of the soil samples: 
using location information obtained from a location sensor 

integral to the planter to create a map showing the soil 
conditions and content at each location in the field; 

using the soil conditions and content map to determine an 
optimal placement position for a seed in the field; and 

moving a seed placement means to the optimal placement 
position and planting the seed in the ground at the opti 
mal placement position, 

whereby the seeds are placed in an optimal position based 
on the determined soil conditions such that crop yield is 
optimized. 
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9. A method of agricultural planting comprising: 
mounting a soil sampling means on the front of a planter; 
removing soil in trenches from a field along the travel path 

of the planter; 
analyzing the Soil removed from the trenches to determine 

the conditions and content of the soil; 
using location information obtained from a location sensor 

integral to the planter to create a map showing the soil 
conditions and content at each location in the field; 

using the soil conditions and content map to determine an 
optimal placement position for a seed in the field; 

moving a seed placement means to the optimal placement 
position and planting the seed in the ground within the 
trench at the optimal placement position; and 

replacing the soil in the trench, 
whereby the seeds are placed in an optimal position based 

on the determined soil conditions such that crop yield is 
optimized. 

10. The method of agricultural planting of claim 9, further 
comprising the steps of 

determining if the soil removed from the trenches has 
adequate nutrient content; and 

adding nutrient content to the soil removed from the 
trenches if it does not have adequate nutrient content. 

11. A method of agricultural planting comprising: 
taking soil samples from multiple points in a field along the 

travel path of the planter; 
analyzing the soil samples to determine the conditions of 

the Soil samples: 
creating a soil conditions map which shows the Soil con 

ditions and the geographic location of each of the soil 
samples; 

using the soil conditions map to determine an optimal 
placement position for a seed in the field; and 

moving a seed placement means to the optimal placement 
position and planting the seed in the ground at the opti 
mal placement position, 

whereby the seeds are placed in an optimal position based 
on the determined soil conditions such that crop yield is 
optimized. 




