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(57) ABSTRACT

Methods, systems, and computer program products for
scheduling crop transplantations are provided herein. A
method includes determining one or more lifecycle con-
straints associated with a given crop via analysis of crop
data; determining one or more cultivation conditions con-
straints associated with cultivating the given crop via analy-
sis of cultivation conditions data; determining one or more
weather forecast constraints associated with a given geo-
graphic area via analysis of weather forecast data; and
generating a transplantation schedule for the given crop in
the given geographic area based on determining a fit across

Int. CL (1) the one or more lifecycle constraints, (ii) the one or more
G06Q 10/06 (2006.01) cultivation conditions constraints, and (iii) the one or more
G06Q 50/02 (2006.01) weather forecast constraints.
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Determing One or More Lifecycle
Constrainis Associated with & Given Crop ;
via Analysis of Crop Data Caried Outby - 902

a Crop Data Module Executingon a
Computing Device

¥

Determine One or More Cultivation
Conditions Constraints Associated with
Cuitivating the Given Crop vis Analysis of L 504
Cuitivation Conditions Data Camied Out by
a Congditions Dala Module Execuling on the
Computing Device

¥

Determing One or More Weather Forecast
Constraints Associated with a Given
Geographic Area vie Analysis of Weather |- 508
Forecast Data Carried Qut by & Weather
Forecast Data Module Executing on the
Computing Device

%

Generate 8 Transplantation Schedule for the
Given Crop in the Given Geographic Ares
Based on Determining a Fit Across {1} the
Cne or More Lifecycle Constraints, (i) the

Cne or More Cultivation Conditions - 508
Constraints, and (i) the One or More
Weather Forecast Constraints, Wherein said
(Generaiing is Execuled by a Crop
Transplantation Scheduler Module of the
Compitting Device

FIG. 5
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Determine Une or More Lifecycle Constraints
Agsociated with Each of Multiple Crops of @ .
Fro-Delermined sel of Crops vig Amalysis of b7 Bz

Crop Data Carried Gut by a Crop Data Moduie

Executing on 8 Computing Device

ki

Determing One or More Cultivation
Conditions Constraints Associsted with
Fach of the Muitipls Crops of the Pre-
Determined Set of Crops vig Analysis of
Cultivation Conditions Data Carried Out by
a Conditions Data Module Executing on the
Computing Device

- 604

ki

Determine One or More Weather Forecast
Conalraints Assoniated with a Given
Geographic Area via Angiysis of Waather - 606
Forecast Data Carried Qut by g Weather
Forecast Data Module Executing on the
Computing Device

ki

Generate a Transplantation Schedule for each of
the Muitiple Trops of the Pre-Determined Sst of
Crops in the Given Geographic Area Bassed on
Datermining 3 Fit Across (i) the One or More
Lifecyole Constraints Assoniated with Each of the
Muitiple Crops, {ii} the One or More Cuitivation
Conditions Constraints Associated with Each of | gng

,,,,,

Weather Forecast Consiraints, Wharein said
Transplantation Schedule Comprises an Ordering
of the Multiple Crops for Transplantation, and
Wherein said Generating is Executad by a Crop
Transplantation Scheduler Module of the
Computing Device

FIG. 6
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SCHEDULING CROP TRANSPLANTATIONS

FIELD

[0001] The present application generally relates to infor-
mation technology, and, more particularly, to determining
optimal day(s) to sow, transplant and/or plant a crop.

BACKGROUND

[0002] Determining the day to sow, plant or transplant a
crop to maximize yield (referred to herein as scheduling the
transplantation date of a crop) presents multiple challenges.
Existing approaches commonly include a consideration of
only a single transplantation of a crop, and use a yield model
of the crop while a yield model is not always available for
a given crop or crop variety. Moreover, generating yield
models can be time-consuming and expensive. Also, in
connection with existing approaches, even when available,
such yield models can over-fit the data and produce inac-
curacies. For example, the models utilized by existing
approaches do not incorporate an effect of disecase and/or
pests into the yield model, though it is known that weather
conditions which may be acceptable for the crop may lead
to proliferation of pests and diseases, indirectly impacting
yield negatively.

SUMMARY

[0003] In one aspect of the present invention, techniques
for scheduling crop transplantations are provided. An exem-
plary computer-implemented method can include steps of
determining one or more lifecycle constraints associated
with a given crop via analysis of crop data; determining one
or more cultivation conditions constraints associated with
cultivating the given crop via analysis of cultivation condi-
tions data; determining one or more weather forecast con-
straints associated with a given geographic area via analysis
of weather forecast data; and generating a transplantation
schedule for the given crop in the given geographic area
based on determining a fit across (i) the one or more
lifecycle constraints, (ii) the one or more cultivation condi-
tions constraints, and (iii) the one or more weather forecast
constraints.

[0004] In another aspect of the invention, an exemplary
computer-implemented method can include steps of deter-
mining one or more lifecycle constraints associated with
each of multiple crops of a pre-determined set of crops via
analysis of crop data; determining one or more cultivation
conditions constraints associated with each of the multiple
crops of the pre-determined set of crops via analysis of
cultivation conditions data; determining one or more
weather forecast constraints associated with a given geo-
graphic area via analysis of weather forecast data; and
generating a transplantation schedule for each of the mul-
tiple crops of the pre-determined set of crops in the given
geographic area based on determining a fit across (i) the one
or more lifecycle constraints associated with each of the
multiple crops, (i) the one or more cultivation conditions
constraints associated with each of the multiple crops, and
(iii) the one or more weather forecast constraints, wherein
said transplantation schedule comprises an ordering of the
multiple crops for transplantation.

[0005] Another aspect of the invention or elements thereof
can be implemented in the form of an article of manufacture
tangibly embodying computer readable instructions which,
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when implemented, cause a computer to carry out a plurality
of method steps, as described herein. Furthermore, another
aspect of the invention or elements thereof can be imple-
mented in the form of an apparatus including a memory and
at least one processor that is coupled to the memory and
configured to perform noted method steps.

[0006] Yet further, another aspect of the invention or
elements thereof can be implemented in the form of means
for carrying out the method steps described herein, or
elements thereof; the means can include hardware module(s)
or a combination of hardware and software modules,
wherein the software modules are stored in a tangible
computer-readable storage medium (or multiple such
media).

[0007] These and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing detailed description of illustrative embodiments
thereof, which is to be read in connection with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a diagram illustrating an example
embodiment of the invention;

[0009] FIG. 2 is a diagram illustrating a graph depicting an
aspect of an example embodiment of the invention;

[0010] FIG. 3 is a diagram illustrating system architecture,
according to an example embodiment of the invention;

[0011] FIG. 4 is a diagram illustrating an example embodi-
ment of the invention;

[0012] FIG. 5 is a flow diagram illustrating techniques
according to an embodiment of the invention;

[0013] FIG. 6 is a flow diagram illustrating techniques
according to an embodiment of the invention; and

[0014] FIG. 7 is a system diagram of an exemplary com-
puter system on which at least one embodiment of the
invention can be implemented.

DETAILED DESCRIPTION

[0015] As described herein, an aspect of the present inven-
tion includes techniques for scheduling crop transplanta-
tions. At least one embodiment of the invention includes
scheduling crop transplantations based on a collation of
weather forecasts and ideal conditions to maximize yields of
the given crop without requiring a detailed crop model.
Additionally, as detailed herein, at least one embodiment of
the invention includes calculating a best fit score (pertaining
to a start day and fallow times) to schedule transplantations
of one or more crops by computing fit scores for every start
day of specified data ranges based on inputs such as ideal
conditions, date ranges to carry out the transplantation, and
weather forecast data. By way of example, ideal conditions
can include one or more constraints such as temperature
constraints, rainfall constraints, humidity constraints, etc.,
stage-start and stage-end offsets, and associated weights
specifying relative importance, and multiple ranges with a
score associated with each range.

[0016] Accordingly, at least one embodiment of the inven-
tion includes considering favorable conditions for the entire
lifecycle of a given crop, from sowing to harvesting. The
lifecycle of a crop can be divided into multiple stages, a
feasible and an optimal range of weather and other param-
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eters can be characterized per stage, and an optimal sowing
date which optimizes the conditions over all of the stages
can be determined.

[0017] By way merely of example, as temperatures
increase beyond a minimum threshold, such conditions may
be increasingly beneficial or profitable for a given crop, but
after incorporating the consideration of another optimal
threshold, the benefits of higher temperatures may reduce to
a high temperature point wherein the seed of the given may
not even germinate, or the given crop may wither. Accord-
ingly, the minimum and maximum temperatures in this
example define the feasible region of values, the temperature
ranges wherein the growth or yield is best is the optimal
region of values, and the ranges between the feasible and the
optimal region can be viewed as feasible but sub-optimal
regions. In addition, in accordance with one or more
embodiments of the invention, feasible and optimal regions
are defined by the stage of the crop cycle, as the optimal and
feasible values can vary by stages.

[0018] Additionally, as detailed herein, at least one
embodiment of the invention includes generating a recom-
mendation for seeding time not only on the basis of the
seeding day, but also based on suitability of the weather
during the entire lifecycle of the crop. Moreover the weather
parameters used in one or more embodiments of the inven-
tion are not limited to temperature, but can also include
precipitation, temperature, wind speed, and any other
parameters output by a weather forecasting system.

[0019] Consequently, an aspect of the invention includes
maximizing the number of transplantations and/or seedings
of a given crop that can be achieved in a specified time-
frame while observing one or more fallowing constraints
(for example, that the land has to be let fallow for a certain
time between successive transplantations).

[0020] In conjunction with the description of one or more
embodiments of the invention, the “yield” of a crop, as used
herein, refers to the amount of the crop produced, for
example, as measured in weight per unit area. Factors on
which yield depends can include the genetics of the crop
variety, soil conditions, water supply, weather, impact from
pests and/or weeds, etc. Note also that if a crop is sown
and/or transplanted on a particular date, the weather from
that date until the time of harvest can have a significant
effect on the yield of the crop.

[0021] Accordingly, at least one embodiment of the inven-
tion includes maximizing yield of one or more given crops
by leveraging weather forecasts and one or more additional
conditions which influence yield of the one or more crops
(such as, for example, minimizing losses caused by pests
and/or disease). By way of example, ideal conditions can be
predicted for a given crop transplantation from analysis of
historical data of crop yields and pest data to augment
domain knowledge pertaining to ideal conditions.

[0022] An example embodiment of the invention can
include obtaining input data in the form of forecasted
parameter values for a given time horizon. For instance,
such data might include the forecasted average temperature
(or other relevant parameter) for the time horizon. Also, such
an example embodiment of the invention can include obtain-
ing additional input data in the form of the ideal conditions
for a crop over the crop’s entire lifecycle. The example
embodiment can include subsequently performing match-
ing, that is, determining the best offset so as to determine
forecasted values which are closest to the ideal values.
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[0023] In connection with multi-dimensional matching
between forecasted data and ideal conditions, at least one
embodiment of the invention includes determining a match
between the ideal conditions and the forecasted values for a
specific offset. To find the optimal transplantation date(s), a
start date and an end date is provided during which the crop
has to be planted. As an illustration, assume that rice is
usually planted in June of every year. To determine the
optimal date for planting the crop, at least one embodiment
of the invention can include implementing a constraint to
consider a starting date between June 1* and June 30”. Such
a constraint can be used to control other constraints a farmer
may have in growing his or her crop. Given the above-noted
range of starting dates, an example embodiment of the
invention can include determining June 10? to be an optimal
date, while June 207 is close to optimal. Accordingly, these
dates with offsets of 10 and 20, respectively, from the start
of the specified range are computed to be the most ideal to
plant the crop.

[0024] Additionally, at least one embodiment of the inven-
tion includes incorporating multiple bands in addition to an
ideal conditions band (that is, a band enclosing the ideal
conditions, which includes an upper bound and a lower
bound). To illustrate what is meant by a band, consider an
example wherein a temperature of 25 degrees centigrade is
best for flowering of a given crop. It may, in one or more
instances, be impossible to determine a single optimal
temperature. Hence, at least one embodiment of the inven-
tion includes enabling the user to specify a band of tem-
peratures for which the crop behavior is expected to be
similar.

[0025] Accordingly, in the above example, an ideal band
of 24-26 degrees might be specified as an optimal tempera-
ture for the flowering stage. In an extension of the above
example, assume that the feasible range for flowering is
20-30 degrees. That is, below 20 degrees and above 30
degrees, flowering will probably fail. The concept of bands
can be used, for example, to penalize the weather conditions
while determining the optimal conditions. As illustrated,
while 24-26 degrees might be specified as optimal, 23-24
and 26-27 degrees might be two bands considered next in
terms of optimality. Bands of 22-23 and 27-28 degrees might
be considered third best in terms of optimality Additionally,
bands of 20-22 and 28-30 degrees are feasible bands, but the
worst of the feasible bands, while any temperature outside
20-30 degrees is considered unfeasible. Based on these
bands, different penalties can be assigned to the predicted
temperatures, with a higher penalty representing a band
being further from the optimal band.

[0026] Accordingly, one or more embodiments of the
invention can include dividing a parameter into bands. As
noted, a penalty can be associated with a band that varies
linearly with its distance from the optimal band. However,
other measures of penalty can be defined, if desired.
[0027] FIG. 1 is a diagram illustrating an example
embodiment of the invention. By way of illustration, step
102 includes changing and/or selecting a new start date or
day. Step 104 includes computing a match score between
one or more forecast conditions and one or more ideal
conditions based on input from an ideal conditions database
103 and a forecast data database 105. Based on step 104,
step 106 includes determining whether the computed match
score is an improvement upon a previously-computed match
score. If yes (that is, the match score computed in step 104
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is an improvement), then step 108 includes updating the top
match score. If no (that is, the match score computed in step
104 is not an improvement), then step 110 includes deter-
mining whether the end of a given time horizon has been
reached. If yes (that is, the end of the time horizon has been
reached), then the techniques depicted in FIG. 1 end. If no
(that is, the end of the time horizon has not been reached),
then the techniques depicted in FIG. 1 return back to step
102. Additionally, in at least one embodiment of the inven-
tion, the top N number of best start dates based on an N
specified by the user can be stored instead of storing the best
start day.

[0028] As detailed in connection with one or more
embodiments of the invention, ideal conditions constraints
can include lifecycle constraints, stage constraints, and
multiple crop constraints. Lifecycle constraints include con-
straints that apply throughout the lifecycle, such as tempera-
ture, rainfall, humidity, hours of sunlight, etc. Stage con-
straints include constraints that only apply to certain stages
(such as, for example, the ripening phase) and can include
night-time temperatures, etc. Multiple crop constraints can
include, for example, fallow time between transplantations.

[0029] FIG. 2 is a diagram illustrating a graph 202 depict-
ing an aspect of an example embodiment of the invention.
By way of illustration, graph 202 depicts a Y-axis that
represents penalty values and an X-axis that represents
temperature values for a given day. Additionally, example
graph 202 depicts a feasible range and an optimal range
within the temperature axis. As can be seen, the penalty
when the temperature is in the optimal range is zero. As the
temperature goes outside of the band and moves left (that is,
reduces further than the minimum temperature of the opti-
mal band), the penalty associated with the temperature
increases linearly. Similarly, if the temperature is outside of
the band, as the temperature increases, the penalty associ-
ated with it increases linearly. The penalty associated with a
temperature outside of the optimal range is shown as linear
for illustration purposes only. In one or more embodiments
of the invention, such a penalty can also be non-linear.

[0030] FIG. 3 is a diagram illustrating system architecture,
according to an example embodiment of the invention. By
way of illustration, FIG. 3 depicts a system 302 that includes
a crop data module 304, a weather forecast data module 306,
an ideal conditions data module 308 and a crop transplan-
tation scheduler (CTS) module 310. The crop data module
304 analyzes crop data obtained from one or more sources,
such as databases that can be accessed and/or built in one or
more embodiments of the invention. Crop data can include,
for example, the stages of the crop, the parameters of the
crop which undergo significant development in that stage,
the weather parameters important to healthy growth of the
crop in a given stage, etc. Additionally, the weather forecast
data module 306 analyzes weather forecast data pertaining
to one or more parameters obtained from one or more
sources, such as databases that can be accessed and/or built
in one or more embodiments of the invention. Weather
parameters can include, for example, rainfall, average maxi-
mum temperature, average minimum temperature, tempera-
tures at a certain time of the day, total hours of sunlight,
average relative humidity, etc. It should also be noted that
even though average or cumulative numbers are used, by
reducing the duration between measurements, the averages
or cumulative numbers can be computed over a day or over
hours or even over tens of minutes.
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[0031] Further, the ideal conditions data module 308 ana-
lyzes input data that includes ideal conditions data for the
specific crop(s) being transplanted and utilizes predictions
from historical data to augment the domain knowledge about
such ideal conditions. Such historical data can be obtained
from one or more sources, such as databases that can be
accessed and/or built in one or more embodiments of the
invention. Observations by farmers and/or scientists from
cultivation of the crop(s) under different conditions can be
encompassed by the historical data. For example, farmers
and/or scientists may have observed that low temperatures
during the flowering stage help certain flowers bloom.
Historical data may also include, for example, data from
observations that the early stages of crop growth require
substantial amounts of water for a given crop. Additionally,
domain knowledge parameters can include, by way of
example, hours of sunlight, temperature, rainfall, and/or
relative humidity.

[0032] Additionally, as depicted in FIG. 3, the crop trans-
plantation scheduler module 310 determines and/or com-
putes an optimized schedule for transplanting the specific
crop(s) at issue based on input from the crop data module
304, the weather forecast data module 306, and the ideal
conditions data module 308.

[0033] By way of illustration, consider the following
example objective function carried out in accordance with
one or more embodiments of the invention. The example
objective function aims to maximize a total fit or match
across (i) a temperature match, (ii) a rainfall match, (iii) a
humidity match, and (iv) a night-time temperature match.
Also, the example objective function can consider various
parameters of day d, such as: H(d)=humidity; S(d)=hours of
sunlight; R(d)=rainfall; T(d)=average temperature; and
NT(d)=average night-time temperature. By way of illustra-
tion, temperature constraints can be modeled as follows.

[0034] In connection with overall temperatures, given day
d of the lifecycle of the crop, let UFT(d) and LFT(d) denote
the upper feasible temperature and lower feasible tempera-
ture, respectively, on day d. Also, given day d of the
lifecycle, let UOT(d) and LOT(d) denote the upper optimal
temperature and lower optimal temperature, respectively, on
day d. Further, given day d with average temperature T(d),
at least one embodiment of the invention can include uti-
lizing a weighting function WT(d) depending on the selected
parameters. For example, WT(d)=f(T(d), UFT(d), LFT(d),
UOT(d), LOT(d)). If T(d) does not lie in the range [LFT(d),
UFT(d)] (the feasible range), then WT(d)=infinity.

[0035] In connection with night-time temperatures, one or
more embodiments of the invention can utilize a different
weighting function WNT(d) (that is, a different weighting
function than was used above in connection with overall
temperatures). For instance, in one example embodiment,
WNT(d) is O unless d is in the ripening phase of the crop.
(For the ripening phase, it can be important to minimize the
total night-time temperature.)

[0036] In accordance with one or more embodiments of
the invention, an overall objective function can include
minover offSets SUM; 5y lifecycle of crop {H(d+p)_s(d+p)+R
(d+p)+WT(d)+WNT(d)}. Because at least one embodiment
of'the invention includes assigning penalties if the parameter
is outside of the optimal range or band (the penalty being
higher the further the parameter is from the optimal) and
computing the sum of penalties, a set of days over which the
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penalties are minimized can be an optimal match for the
given constraints or given optimal conditions.

[0037] FIG. 4 is a diagram illustrating an example
embodiment of the invention. By way of illustration, FIG. 4
depicts ideal condition constraint components such as a
lifecycle constraints component 402, a stage constraints
component 404, and a multiple crop constraints component
406. The lifecycle constraints component 402 can encom-
pass information that applies throughout an entire crop
lifecycle such as, for example, temperature data, rainfall
data, humidity data, etc. The stage constraints component
404 can encompass information that applies to only certain
stages of'a crop such as, for example, night-time temperature
data, etc. Additionally, the multiple crop constraints com-
ponent 406 can encompass information such as, for
example, fallow time data (between transplantations), etc.
[0038] As also depicted in FIG. 4, the lifecycle constraints
component 402, the stage constraints component 404, and
the multiple crop constraints component 406 provide input
to an objective function component 408. The objective
function, as detailed herein, includes utilizing the provided
input to maximize a total fit and/or match for one or more
crops, or to minimize a total penalty corresponding to one or
more crops. By way of example, a “total fit” calculation can
equal a temperature penalty+a rainfall penalty+a humidity
penalty+a night-time temperature penalty.

[0039] FIG. 5 is a flow diagram illustrating techniques
according to an embodiment of the present invention. Step
502 includes determining one or more lifecycle constraints
associated with a given crop via analysis of crop data carried
out by a crop data module executing on a computing device.
Lifecycle constraints can include (i) a start date for each of
one or more stages associated with cultivation of the given
crop and/or (ii) an end date for each of one or more stages
associated with cultivation of the given crop. The techniques
depicted in FIG. 5 can also include applying a weight to each
of the one or more lifecycle constraints associated with the
given crop based on relative importance of the given life-
cycle constraint among the one or more lifecycle constraints.
[0040] Step 504 includes determining one or more culti-
vation conditions constraints associated with cultivating the
given crop via analysis of cultivation conditions data carried
out by a conditions data module executing on the computing
device. Cultivation conditions constraints can include (i) at
least one range of rainfall amount associated with growth of
the given crop, (ii) at least one range of humidity associated
with growth of the given crop, (iii) at least one temperature
range associated with growth of the given crop, and/or (iv)
at least one range of daily sunlight amount associated with
growth of the given crop. Also, cultivation conditions con-
straints can include a date range within which a transplan-
tation is to be carried out. Further, cultivation conditions
constraints can include one or more conditions associated
with impeding growth of the given crop such as, for
example, one or more diseases and/or one or more pests.
[0041] The techniques depicted in FIG. 5 can also include
applying a weight to each of the one or more cultivation
conditions constraints associated with the given crop based
on relative importance of the given cultivation conditions
constraint among the one or more cultivation conditions
constraints.

[0042] Step 506 includes determining one or more weather
forecast constraints associated with a given geographic area
via analysis of weather forecast data carried out by a weather
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forecast data module executing on the computing device.
Weather forecast constraints can include a predication for
one or more weather parameters for a given period of time.
The techniques depicted in FIG. 5 can also include applying
a weight to each of the one or more weather forecast
constraints associated with the given geographic area based
on relative importance of the given weather forecast con-
straint among the one or more weather forecast constraints.
[0043] Step 508 includes generating a transplantation
schedule for the given crop in the given geographic area
based on determining a fit across (i) the one or more
lifecycle constraints, (ii) the one or more cultivation condi-
tions constraints, and (iii) the one or more weather forecast
constraints, wherein said generating is executed by a crop
transplantation scheduler module of the computing device.
As detailed herein, generating the transplantation schedule
for the given crop can include computing a fit score for each
constraint across (i) the one or more lifecycle constraints, (ii)
the one or more cultivation conditions constraints, and (iii)
the one or more weather forecast constraints. Additionally,
for every constraint, a fit score is computed by determining
the range having the highest score for which the parameter
forecast lies within an ideal condition range for the specified
stage dates (that is, within the start day+a stage-start offset
and start day+a stage-end offset). At least one embodiment
of the invention further includes aggregating a weighted fit
score across all constraints to determine a fit score for a
given period of time, wherein the given period of time can
include a given day. Additionally, one or more embodiments
of the invention include outputting the given day associated
with the fit score as the start day for the transplantation
schedule for the given crop.

[0044] FIG. 6 is a flow diagram illustrating techniques
according to an embodiment of the present invention. Step
602 includes determining one or more lifecycle constraints
associated with each of multiple crops of a pre-determined
set of crops via analysis of crop data carried out by a crop
data module executing on a computing device. Step 604
includes determining one or more cultivation conditions
constraints associated with each of the multiple crops of the
pre-determined set of crops via analysis of cultivation con-
ditions data carried out by a conditions data module execut-
ing on the computing device. As detailed herein, cultivation
conditions constraints can include a range of time required
for fallowing between successive transplantations in the
given geographic area. Step 606 includes determining one or
more weather forecast constraints associated with a given
geographic area via analysis of weather forecast data carried
out by a weather forecast data module executing on the
computing device.

[0045] Step 608 includes generating a transplantation
schedule for each of the multiple crops of the pre-deter-
mined set of crops in the given geographic area based on
determining a fit across (i) the one or more lifecycle con-
straints associated with each of the multiple crops, (ii) the
one or more cultivation conditions constraints associated
with each of the multiple crops, and (iii) the one or more
weather forecast constraints, wherein said transplantation
schedule comprises an ordering of the multiple crops for
transplantation, and wherein said generating is executed by
a crop transplantation scheduler module of the computing
device.

[0046] In accordance with one or more embodiments of
the invention, generating the transplantation schedule for
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each of the multiple crops includes computing, for each
specified potential start day for a first crop of the multiple
crops, a fit score for each constraint across (i) the one or
more lifecycle constraints, (ii) the one or more cultivation
conditions constraints, and (iii) the one or more weather
forecast constraints. Such an embodiment also includes
aggregating a weighted fit score across all constraints to
determine a fit score for each specified potential start day for
a first crop to determine a start day for the first crop. Further,
such an embodiment also includes computing, for a second
crop of the multiple crops, and for each specified fallow time
period subsequent to the start day for the first crop, a fit score
for each constraint across (i) the one or more lifecycle
constraints, (ii) the one or more cultivation conditions con-
straints, and (iii) the one or more weather forecast con-
straints. Additionally, such an embodiment includes aggre-
gating a weighted fit score across all constraints to determine
a fit score for each specified time period subsequent to the
start day of the first crop to determine a start day for the
second crop.

[0047] The techniques depicted in FIG. 5 and FIG. 6 can
also, as described herein, include providing a system,
wherein the system includes distinct software modules, each
of the distinct software modules being embodied on a
tangible computer-readable recordable storage medium. All
of the modules (or any subset thereof) can be on the same
medium, or each can be on a different medium, for example.
The modules can include any or all of the components
shown in the figures and/or described herein. In an aspect of
the invention, the modules can run, for example, on a
hardware processor. The method steps can then be carried
out using the distinct software modules of the system, as
described above, executing on a hardware processor. Fur-
ther, a computer program product can include a tangible
computer-readable recordable storage medium with code
adapted to be executed to carry out at least one method step
described herein, including the provision of the system with
the distinct software modules.

[0048] Additionally, the techniques depicted in FIG. 5 and
FIG. 6 can be implemented via a computer program product
that can include computer useable program code that is
stored in a computer readable storage medium in a data
processing system, and wherein the computer useable pro-
gram code was downloaded over a network from a remote
data processing system. Also, in an aspect of the invention,
the computer program product can include computer useable
program code that is stored in a computer readable storage
medium in a server data processing system, and wherein the
computer useable program code is downloaded over a
network to a remote data processing system for use in a
computer readable storage medium with the remote system.
[0049] An aspect of the invention or elements thereof can
be implemented in the form of an apparatus including a
memory and at least one processor that is coupled to the
memory and configured to perform exemplary method steps.
[0050] Additionally, an aspect of the present invention can
make use of software running on a general purpose com-
puter or workstation. With reference to FIG. 7, such an
implementation might employ, for example, a processor
702, a memory 704, and an input/output interface formed,
for example, by a display 706 and a keyboard 708. The term
“processor” as used herein is intended to include any pro-
cessing device, such as, for example, one that includes a
CPU (central processing unit) and/or other forms of pro-
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cessing circuitry. Further, the term “processor” may refer to
more than one individual processor. The term “memory” is
intended to include memory associated with a processor or
CPU, such as, for example, RAM (random access memory),
ROM (read only memory), a fixed memory device (for
example, hard drive), a removable memory device (for
example, diskette), a flash memory and the like. In addition,
the phrase “input/output interface” as used herein, is
intended to include, for example, a mechanism for inputting
data to the processing unit (for example, mouse), and a
mechanism for providing results associated with the pro-
cessing unit (for example, printer). The processor 702,
memory 704, and input/output interface such as display 706
and keyboard 708 can be interconnected, for example, via
bus 710 as part of a data processing unit 712. Suitable
interconnections, for example via bus 710, can also be
provided to a network interface 714, such as a network card,
which can be provided to interface with a computer network,
and to a media interface 716, such as a diskette or CD-ROM
drive, which can be provided to interface with media 718.
[0051] Accordingly, computer software including instruc-
tions or code for performing the methodologies of the
invention, as described herein, may be stored in associated
memory devices (for example, ROM, fixed or removable
memory) and, when ready to be utilized, loaded in part or in
whole (for example, into RAM) and implemented by a CPU.
Such software could include, but is not limited to, firmware,
resident software, microcode, and the like.

[0052] A data processing system suitable for storing and/
or executing program code will include at least one proces-
sor 702 coupled directly or indirectly to memory elements
704 through a system bus 710. The memory elements can
include local memory employed during actual implementa-
tion of the program code, bulk storage, and cache memories
which provide temporary storage of at least some program
code in order to reduce the number of times code must be
retrieved from bulk storage during implementation.

[0053] Input/output or /O devices (including but not
limited to keyboards 708, displays 706, pointing devices,
and the like) can be coupled to the system either directly
(such as via bus 710) or through intervening I/O controllers
(omitted for clarity).

[0054] Network adapters such as network interface 714
may also be coupled to the system to enable the data
processing system to become coupled to other data process-
ing systems or remote printers or storage devices through
intervening private or public networks. Modems, cable
modems and Ethernet cards are just a few of the currently
available types of network adapters.

[0055] As used herein, including the claims, a “server”
includes a physical data processing system (for example,
system 712 as shown in FIG. 7) running a server program.
It will be understood that such a physical server may or may
not include a display and keyboard.

[0056] As will be appreciated by one skilled in the art,
aspects of the present invention may be embodied as a
system, method and/or computer program product. Accord-
ingly, aspects of the present invention may take the form of
an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “circuit,” “module” or “system.” Furthermore, as noted
herein, aspects of the present invention may take the form of
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a computer program product that may include a computer
readable storage medium (or media) having computer read-
able program instructions thereon for causing a processor to
carry out aspects of the present invention.

[0057] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (for example, light pulses
passing through a fiber-optic cable), or electrical signals
transmitted through a wire.

[0058] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0059] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
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an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

[0060] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0061] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0062] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0063] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.
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[0064] It should be noted that any of the methods
described herein can include an additional step of providing
a system comprising distinct software modules embodied on
a computer readable storage medium; the modules can
include, for example, any or all of the components detailed
herein. The method steps can then be carried out using the
distinct software modules and/or sub-modules of the system,
as described above, executing on a hardware processor 702.
Further, a computer program product can include a com-
puter-readable storage medium with code adapted to be
implemented to carry out at least one method step described
herein, including the provision of the system with the
distinct software modules.
[0065] In any case, it should be understood that the
components illustrated herein may be implemented in vari-
ous forms of hardware, software, or combinations thereof,
for example, application specific integrated -circuit(s)
(ASICS), functional circuitry, an appropriately programmed
general purpose digital computer with associated memory,
and the like. Given the teachings of the invention provided
herein, one of ordinary skill in the related art will be able to
contemplate other implementations of the components of the
invention.
[0066] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
the presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of another feature, integer, step, operation,
element, component, and/or group thereof.
[0067] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed.
[0068] At least one aspect of the present invention may
provide a beneficial effect such as, for example, generating
and providing a best fit score to schedule transplantations of
a crop based on constraints such as stage-start and stage-end
offsets, an associated weight specifying the relative impor-
tance, and multiple ranges with a score associated with each
range.
[0069] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.
What is claimed is:
1. A method, comprising:
determining one or more lifecycle constraints associated
with a given crop via analysis of crop data carried out
by a crop data module executing on a computing
device;
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determining one or more cultivation conditions con-
straints associated with cultivating the given crop via
analysis of cultivation conditions data carried out by a
conditions data module executing on the computing
device;
determining one or more weather forecast constraints
associated with a given geographic area via analysis of
weather forecast data carried out by a weather forecast
data module executing on the computing device; and

generating a transplantation schedule for the given crop in
the given geographic area based on determining a fit
across (1) the one or more lifecycle constraints, (ii) the
one or more cultivation conditions constraints, and (iii)
the one or more weather forecast constraints, wherein
said generating is executed by a crop transplantation
scheduler module of the computing device.

2. The method of claim 1, comprising:

applying a weight to each of the one or more lifecycle

constraints associated with the given crop based on
relative importance of the given lifecycle constraint
among the one or more lifecycle constraints.

3. The method of claim 1, comprising:

applying a weight to each of the one or more cultivation

conditions constraints associated with the given crop
based on relative importance of a given cultivation
conditions constraint among the one or more cultiva-
tion conditions constraints.

4. The method of claim 1, comprising:

applying a weight to each of the one or more weather

forecast constraints associated with the given geo-
graphic area based on relative importance of a given
weather forecast constraint among the one or more
weather forecast constraints.

5. The method of claim 1, wherein said one or more
lifecycle constraints comprise (i) a start date for each of one
or more stages associated with cultivation of the given crop
and/or (ii) an end date for each of the one or more stages
associated with cultivation of the given crop.

6. The method of claim 1, wherein said one or more
cultivation conditions constraints comprise (i) at least one
range of rainfall amount associated with growth of the given
crop, (ii) at least one range of humidity associated with
growth of the given crop, (iii) at least one temperature range
associated with growth of the given crop, and/or (iv) at least
one range of daily sunlight amount associated with growth
of the given crop.

7. The method of claim 1, wherein said one or more
cultivation conditions constraints comprises a date range
within which a transplantation is to be carried out.

8. The method of claim 1, wherein said one or more
cultivation conditions constraints comprise one or more
conditions associated with impeding growth of the given
crop.

9. The method of claim 8, wherein said one or more
conditions associated with impeding growth of the given
crop comprise one or more diseases and/or one or more
pests.

10. The method of claim 1, wherein said one or more
weather forecast constraints comprises a predication for one
or more weather parameters for a given period of time.

11. The method of claim 1, wherein said generating the
transplantation schedule for the given crop comprises com-
puting a fit score for each constraint across (i) the one or
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more lifecycle constraints, (ii) the one or more cultivation
conditions constraints, and (iii) the one or more weather
forecast constraints.

12. The method of claim 11, comprising:

aggregating a weighted fit score across all constraints to

determine a fit score for a given period of time.

13. The method of claim 12, wherein the given period of
time comprises a given day.

14. The method of claim 13, comprising:

outputting the given day associated with the fit score as

the start day for the transplantation schedule for the
given crop.
15. A computer program product, the computer program
product comprising a computer readable storage medium
having program instructions embodied therewith, the pro-
gram instructions executable by a computing device to cause
the computing device to:
determining one or more lifecycle constraints associated
with a given crop via analysis of crop data;

determining one or more cultivation conditions con-
straints associated with cultivating the given crop via
analysis of cultivation conditions data;

determining one or more weather forecast constraints

associated with a given geographic area via analysis of
weather forecast data; and

generating a transplantation schedule for the given crop in

the given geographic area based on determining a fit
across (1) the one or more lifecycle constraints, (ii) the
one or more cultivation conditions constraints, and (iii)
the one or more weather forecast constraints.

16. A system comprising:

a memory; and

at least one processor coupled to the memory and con-

figured for:

determining one or more lifecycle constraints associ-
ated with a given crop via analysis of crop data;

determining one or more cultivation conditions con-
straints associated with cultivating the given crop via
analysis of cultivation conditions data;

determining one or more weather forecast constraints
associated with a given geographic area via analysis
of weather forecast data; and

generating a transplantation schedule for the given crop
in the given geographic area based on determining a
fit across (i) the one or more lifecycle constraints, (ii)
the one or more cultivation conditions constraints,
and (iii) the one or more weather forecast constraints.

17. A method, comprising:

determining one or more lifecycle constraints associated

with each of multiple crops of a pre-determined set of
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crops via analysis of crop data carried out by a crop
data module executing on a computing device;

determining one or more cultivation conditions con-
straints associated with each of the multiple crops of
the pre-determined set of crops via analysis of cultiva-
tion conditions data carried out by a conditions data
module executing on the computing device;

determining one or more weather forecast constraints
associated with a given geographic area via analysis of
weather forecast data carried out by a weather forecast
data module executing on the computing device; and

generating a transplantation schedule for each of the
multiple crops of the pre-determined set of crops in the
given geographic area based on determining a fit across
(1) the one or more lifecycle constraints associated with
each of the multiple crops, (ii) the one or more culti-
vation conditions constraints associated with each of
the multiple crops, and (iii) the one or more weather
forecast constraints, wherein said transplantation
schedule comprises an ordering of the multiple crops
for transplantation, and wherein said generating is
executed by a crop transplantation scheduler module of
the computing device.
18. The method of claim 17, wherein said one or more
cultivation conditions constraints comprises a range of time
required for fallowing between successive transplantations
in the given geographic area.
19. The method of claim 17, wherein said generating the
transplantation schedule for each of the multiple crops
comprises:
computing, for each specified potential start day for a first
crop of the multiple crops, a fit score for each constraint
across (1) the one or more lifecycle constraints, (ii) the
one or more cultivation conditions constraints, and (iii)
the one or more weather forecast constraints; and

aggregating a weighted fit score across all constraints to
determine a fit score for each specified potential start
day for a first crop to determine a start day for the first
crop.
20. The method of claim 19, comprising:
computing, for a second crop of the multiple crops, and
for each specified fallow time period subsequent to the
start day for the first crop, a fit score for each constraint
across (1) the one or more lifecycle constraints, (ii) the
one or more cultivation conditions constraints, and (iii)
the one or more weather forecast constraints; and

aggregating a weighted fit score across all constraints to
determine a fit score for each specified time period
subsequent to the start day of the first crop to determine
a start day for the second crop.
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