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CAPTURE OF GROUND TRUTHED LABELS 
OF PLANT TRAITS METHOD AND SYSTEM 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] The present application is a continuation of U.S. 
patent application Ser . No. 15 / 857,512 filed Dec. 28 , 2017 , 
the entire disclosure of which is hereby incorporated by 
reference herein for all purposes . 

[ 0008 ] FIG . 2 depicts an example process for manual 
generation of real time ( or near real time ) ground truth 
labels , according to some embodiments . 
[ 0009 ] FIG . 3 depicts example images associated with 
acquisition of semi - autonomous ground truth labels for a 
plant , according to some embodiments . 
[ 0010 ] FIG . 4 depicts an example process for semi - au 
tonomous generation of real time ( or near real time ) ground 
truth labels , according to some embodiments . 
[ 0011 ] FIG . 5 depicts an example process for autonomous 
generation of real time ( or near real time ) ground truth 
labels , according to some embodiments . 
[ 0012 ] FIG . 6 depicts an example device that may be 
implemented in the system of FIG . 1 of the present disclo 
sure , according to some embodiments . 

TECHNICAL FIELD 

[ 0002 ] This disclosure relates generally to feature detec 
tion , and in particular but not exclusively , relates to use of 
computerized models for feature detection . 

DETAILED DESCRIPTION 
BACKGROUND INFORMATION 

[ 0003 ] Sensor based systems configured to collect data 
about crops and plants growing outdoors , in fields , and / or 
other growing environments ( referred to as raw data ) may be 
capable of collecting large quantities of data . Raw data , in of 
itself , however , is not particularly useful . Determined 
insights about the crops and plants based on the raw data , on 
the other hand , may be of value . 
[ 0004 ] Given the large quantity of raw data , it would be 
beneficial to automate determination of useful insights from 
the raw data . Automation schemes are useful to the extent 
that they produce accurate and reliable insights . In some 
embodiments , the accuracy and / or reliability of an automa 
tion scheme may depend upon large quantities of raw data 
that has been labeled , annotated , or otherwise identified with 
corresponding insight ( s ) that are known to be of high 
confidence or correct ( also referred to as ground truth data 
or ground truthed labels ) . Acquiring such large quantities of 
ground truth data may be difficult . The available ground 
truth data may also suffer from inconsistency , non - unifor 
mity , and / or other variability due to variability in the col 
lection devices ( e.g. , the sensors experiencing calibration 
drift ) , changes in environmental conditions , and / or subjec 
tivity among humans who may contribute to generation of 
the ground truth data . Improving the acquisition and / or 
quality of the ground truth data may improve the quality of 
one or more subsequent data generated about the crops and 
plants and / or uses of raw data . 

[ 0013 ] Embodiments of a system , apparatus , and method 
related to ground truthed labels of plant phenotypic traits are 
described herein . In embodiments , a method includes 
acquiring sensor data associated with a plant growing in a 
field , wherein the sensor data is acquired from one or more 
of an optical sensor , an acoustic sensor , a chemical sensor , 
a geo - location sensor , an environmental sensor , and a 
weather sensor ; analyzing the sensor data to extract , while in 
the field , one or more phenotypic traits associated with the 
plant from the sensor data ; indexing , while in the field , the 
one or more phenotypic traits to one or both of an identifier 
of the plant or a virtual representation of a part of the plant ; 
determining one or more plant insights based on the one or 
more phenotypic traits , wherein the one or more plant 
insights includes information about one or more of a health , 
a yield , a planting , a growth , a harvest , a management , a 
performance , and a state of the plant ; and generating a plant 
insights report that includes one or more of the health , the 
yield , the planting , the growth , the harvest , the management , 
the performance , and the state of the plant . 
[ 0014 ] In the following description numerous specific 
details are set forth to provide a thorough understanding of 
the embodiments . One skilled in the relevant art will rec 
ognize , however , that the techniques described herein can be 
practiced without one or more of the specific details , or with 
other methods , components , materials , etc. In other 
instances , well - known structures , materials , or operations 
are not shown or described in detail to avoid obscuring 
certain aspects . 
[ 0015 ] Reference throughout this specification to “ one 
embodiment ” or “ an embodiment ” means that a particular 
feature , structure , or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the present invention . Thus , the appearances of the 
phrases “ in one embodiment ” or “ in an embodiment ” in 
various places throughout this specification are not neces 
sarily all referring to the same embodiment . Furthermore , 
the particular features , structures , or characteristics may be 
combined in any suitable manner in one or more embodi 
ments . 
[ 0016 ] FIG . 1A depicts a block diagram illustrating an 
example mobile system 100 incorporated with the ground 
truth labeling technology of the present disclosure , accord 
ing to some embodiments . Mobile system 100 may be 
configured to be deployed in a plant or crop field environ 
ment to capture raw plant data and associated metadata 
along with contemporaneous generation of ground truthed 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0005 ] Non - limiting and non - exhaustive embodiments of 
the invention are described with reference to the following 
figures , wherein like reference numerals refer to like parts 
throughout the various views unless otherwise specified . Not 
all instances of an element are necessarily labeled so as not 
to clutter the drawings where appropriate . The drawings are 
not necessarily to scale , emphasis instead being placed upon 
illustrating the principles being described . 
[ 0006 ] FIG . 1A depicts a block diagram illustrating an 
example mobile system incorporated with the ground truth 
labeling technology of the present disclosure , according to 
some embodiments . 
[ 0007 ] FIG . 1B depicts an example image displayed on an 
user interface device included in the system of FIG . 1 on 
which a user may enter ground truth labels , in accordance 
with some embodiments . 
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labels of plant traits associated with the captured raw data . 
System 100 may traverse each row of plants ( crops , crop 
plants , fruit bearing plants , vegetable bearing plants , or seed 
bearing plants ) planted in a field in order to capture raw plant 
data and associated metadata about each plant included in a 
row , as will be described in detail herein . System 100 may 
also be referred to as a mobile platform , vehicle , cart , or the 
like . 
[ 0017 ] In some embodiments , system 100 may include , 
but is not limited to , a compute device 104 in communica 
tion with each of the sensors 102 and a user interface device 
106. Sensors 102 may comprise a plurality of sensors , 
detectors , cameras , and / or other devices capable of captur 
ing one or more raw plant data and associated metadata 
( collectively referred to as raw data , raw sensor data , or 
sensor data ) . Sensors 102 may comprise , but are not limited 
to , passive sensors , active sensors , optical sensors for imag 
ing or spectroscopy ( e.g. , red green blue ( RGB ) camera , 
multi - spectral imaging , hyper - spectral imaging , light detec 
tion and ranging ( LIDAR ) , radar , thermal , infrared ( IR ) , near 
IR , microwave , millimeter ( mm ) -wave , X - ray , etc. ) , acoustic 
sensors ( e.g. , ultrasound or lower frequency , etc. ) , chemical 
sensors ( e.g. , to capture plant , air , soil properties , etc. ) , 
geo - location sensors / devices / systems ( e.g. , global position 
ing system ( GPS ) , GPS - real time kinematic ( RTK ) , RTK 
global navigation satellite system ( GNSS ) , etc. ) , environ 
mental and / or weather sensing devices / systems ( e.g. , to 
capture light , temperature , humidity , ground elevation , etc. ) , 
and / or the like . 
[ 0018 ] Compute device 104 may comprise one or more 
devices capable of performing onboard processing and stor 
age functions . Compute device 104 may include , without 
limitation , one or more processors and storage devices . At 
least a portion of the compute device 104 may comprises , for 
example , a laptop , tablet , mobile device , desktop computer , 
low cost computer ( e.g. , Raspberry Pi ) , computing device , 
graphical processing units ( GPUs ) , tensor processing units 
( TPUs ) , machine learning ( ML ) -optimized chips , image 
processing optimized chips , and / or the like . In some 
embodiments , compute device 104 may be configured to 
process data captured by the sensors 102 , store data , facili 
tate data to and from the user interface device 106 , and / or the 
like . 
[ 0019 ] In some embodiments , compute device 104 may 
additionally include one or more communication compo 
nents , such as wireless communication components , so as to 
communicate with remote networks , servers , databases , 
geo - location satellite systems , and / or the like . For example , 
for processing intensive tasks that may exceed the process 
ing capabilities or bandwidth of the compute device 104 , 
such processing tasks may be performed by remote servers 
and the resulting data may be returned to the compute device 
104 for subsequent uses . As another example , raw data 
captured by the sensors 102 , ground truth labeled data 
generated at the system 100 , phenotypes , plant traits , or 
insights extracted from the raw data , and / or the like may be 
backed up in databases located remotely from the system 
100 . 
[ 0020 ] User interface device 106 may be configured to 
present one or more types of data to a human operator or user 
110 and / or to facilitate receiving inputs from the user 110 . 
Data to be displayed to the user 110 may be provided by the 
compute device 104 and data received from the user 110 
may be provided to the compute device 104. User interface 

device 106 may include components to facilitate interfacing 
with the user 110. User interface device 106 may include , 
but is not limited to , a screen , touch screen , keyboard , 
mouse , joystick , microphone , graphical user interface 
( GUI ) , and / or the like . In some embodiments , user interface 
device 106 may be combined with the compute device 104 . 
In alternative embodiments , user interface device 106 may 
include processing and / or storage functions , in which raw 
data from the sensors 102 and / or data from the compute 
device 104 may be processed to generate information appro 
priate for display on the user interface device 106 . 
[ 0021 ] System 100 may be configured to be mobile within 
a plant or crop field . System 100 may traverse a plant or crop 
field 112 that may be organized in a plurality of plant or crop 
rows . System 100 may traverse ( e.g. , in a direction 108 ) the 
field 112 a row at a time ( or some other pattern ) , in which 
each plant or crop located therein may be sensed by the 
sensors 102. System 100 may be manually positioned ( e.g. , 
pushed ) to respective plants by the user 110. Alternatively , 
or in addition to , system 100 may include transport mecha 
nisms , such as an engine or motor , to facilitate automatic 
positioning of the system 100 to the plants . Plants 114 , 116 , 
118 , 120 included in the field 112 may be the same or 
different from each other . 
[ 0022 ] System 100 may be configured to be positioned 
above , next to , and / or the like relative to the plant being 
sensed . In some embodiments , system 100 may sense plants 
114-120 a plurality of times over a time period , thereby 
obtaining time series raw data associated with the same 
plants . 
[ 0023 ] In some embodiments , system 100 may be config 
ured for contemporaneous , real time , or near real time 
generation of ground truth labeled data associated with the 
raw data captured by the sensor 102. In particular , the 
ground truth labeled data may be manually provided by the 
user 110. FIG . 1B depicts an example image 121 displayed 
on the user interface device 106 on which the user 110 may 
enter ground truth labels , in accordance with some embodi 
ments . 

[ 0024 ] Image 121 may comprise an image of plant 114 
based on at least a portion of the raw data captured by the 
sensors 102 of the plant 114. When the image of plant 114 
is displayed to the user 110 , user 110 may identify , annotate , 
label , or otherwise specify , via the user interface device 06 , 
one or more ground truth labels for the plant 114. Ground 
truth labels may comprise identification , classification , and / 
or measurements of plant phenotypic traits that are of high 
confidence of being accurate or correct . In some embodi 
ments , ground truth labels may be manually specified by the 
user 110 from looking at the plant 114 depicted in the image 
121 ( e.g. , based on the sensed raw data ) and / or direct 
observations or measurements taken on the actual plant 114 . 
[ 0025 ] For example , in FIG . 1B , user 110 may view the 
plant depicted in image 121 , and add labels 122 to ground 
truth label the leaves ( e.g. , manually place a box around each 
leaf using a touchscreen , keyboard , mouse , etc. ) and labels 
124 to ground truth label the fruit . User 110 may also 
directly measure the height of the actual plant 114 with a 
yardstick , and enter the measured plant height as a ground 
truth label 126 on image 121. Accordingly , ground truth 
labels comprising plant phenotypes or traits associated with 
raw sensed data of a plant may be manually entered by a 
human operator , trained personnel , or the like . 
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leaf of the plant ( e.g. , labels 122 ) , prescribe a box around 
each fruit of the plant ( e.g. , labels 124 ) , and enter a value for 
the measured height of the plant ( e.g. , label 126 ) . As 
discussed above , manual ground truth labels may be based 
on direct observation of the raw data or processed raw data 
( e.g. , viewing image ( s ) of the plant collected as part of raw 
data ) and / or direct observation or measurements of the 
actual plant . Continuing the example of image 121 , label 
126 may be entered after measurement of the height of the 
actual plant by the user 110 using a yardstick or tape 
measure . 

[ 0026 ] FIG . 2 depicts an example process 200 for manual 
generation of real time ( or near real time ) ground truth 
labels , according to some embodiments . At block 202 , raw 
data ( also referred to as sensed data ) associated with a 
particular plant ( e.g. , plant 114 ) may be captured , obtained , 
or acquired . As discussed above , raw data may comprise a 
variety of data sensed or collected about the plant and / or 
environment proximate to the plant . The raw data may be 
contemporaneous to each other . Raw data may comprise , but 
is not limited to : RBG images , normalized difference veg 
etation index ( NDVI ) images , multispectral images , hyper 
spectral images , LIDAR images , radar images , thermal 
images , microwave images , mm - wave images , X - ray 
images , ultrasound or lower frequency acoustically sensed 
data of the plant and / or nearby surrounding area , chemical 
sensed data of the plant and / or nearby surrounding area ( e.g. , 
pH , moisture level , fertilizer composition , heavy metal con 
tent , or other soil properties ) , geo - location data , environ 
mental or weather data ( e.g. , light , temperature , humidity , 
soil properties , solar incidence characteristics , etc. ) , three 
dimensional ( 3D ) point cloud plant data , and / or the like . 
Raw data may be captured by the sensors 102 and / or 
obtained from remote source ( s ) facilitated by compute 
device 104 . 
[ 0027 ] Next at block 204 , compute device 104 may be 
configured to process and / or save the raw data . For instance , 
at least a portion of the raw data may be filtered , calibrated , 
correlated with each other , tagged ( e.g. , a unique identifier 
assigned to each plant , associated with a time date stamp ) , 
indexed , otherwise processed , and / or the like . The raw 
and / or processed versions of the data may be stored locally 
at the system 100 and / or remotely . 
[ 0028 ] Compute device 104 may generate a version of the 
raw or processed plant data that will be suitable for the user 
110 to view and provide ground truth label ( s ) , at block 206 . 
An example of a suitable version may comprise one or more 
images of the plant associated with the raw data captured in 
block 202. In some embodiments , the suitable version may 
be displayed on the user interface device 106 , such as the 
plant depicted in image 121 of FIG . 1B . 
[ 0029 ] Next , at block 208 , user interface device 106 may 
be configured to receive , from the user 110 , ground truth 
labeled data associated with the plant depicted in the pre 
sented suitable version in block 206. In some embodiments , 
a plurality of images of the plant may be displayed and the 
user 110 may select a subset of images from the plurality of 
images to be ground truth labeled . Ground truth labels may 
specify , identify , or quantify one or more plant phenotypes 
or traits — the physical attributes or characteristics of the 
plant of interest . Phenotype or phenotypic traits for plants or 
crops may include , without limitation , height , width , yield , 
chemical composition , health status ( e.g. , diseases ) , stress 
status ( e.g. , drought ) , quality ( e.g. , roundness of a straw 
berry ) , leaf count , leaf size , fruit size , flower size , fruit 
density , fruit count , stalk strength , and / or a variety of other 
attributes , some of which may be specific for the plant type 
or plant . 
[ 0030 ] Ground truth labels may be entered in any of a 
variety of ways using , for example , a touchscreen , mouse , 
trackpad , joystick , physical keyboard , virtual keyboard , sty 
lus , voice commands , and / or the like . Indications of the 
ground truth labels may also be of any of a variety of 
formats . For example , in image 121 shown in FIG . 1B , the 
user 110 may use his fingers to prescribe a box around each 

[ 0031 ] In some embodiments , blocks 206 and 208 may be 
performed contemporaneous with block 202 so as to gen 
erate ground truth labels in real time or near real time 
relative to raw data capture , while the plant of interest is in 
the same state , user 110 is proximate to the actual plant for 
direct observation and measurements , and / or the like . 
Blocks 202 , 206 , 208 may be performed during the same 
session of being in the field , without leaving the field , or the 
like . If images of the plant displayed on the user interface 
device 106 are faulty , for example , user 110 is in a position 
to initiate acquisition of new raw data , calibrate one or more 
of sensors 102 , and / or the like rather than discovering at a 
( much ) later point in time that raw data to be ground truth 
labeled are not suitable for performing ground truth labeling . 
Thus , inconsistencies , sensor calibration drift , or other fac 
tors may be minimized or addressed while in the field rather 
than afterwards away from the field or upon returning to the 
field after leaving . 
[ 0032 ] Once the ground truth labels are manually speci 
fied , ground truth label data may be stored locally and / or 
remotely , at block 210. In some embodiments , processing of 
ground truth label data may occur to facilitate storage and 
later retrieval . For example , phenotypic traits of the ground 
truth labels may be indexed ; associated with identifiers , time 
date stamps , user identifier , plant identifier , raw data , a 
virtual representation of respective parts of the plant , cor 
related or consolidated with each other ; and / or the like . Raw 
data , processed raw data , ground truth labels , and potential 
processed ground truth labels may be associated with each 
other and stored in structured format to facilitate selective 
access . 

[ 0033 ] Next at block 212 , system 100 may be advanced to 
the next plant and process 200 may return to block 202 to 
obtain raw data associated with the new plant . System 100 
may advance to the next plant incrementally , continuously , 
or periodically depending on the mobile capabilities of the 
system 100. Although raw data and ground truth labeling of 
a single plant is discussed above , it is understood that more 
than one plant may be simultaneously sensed or ground truth 
labeled . 
[ 0034 ] Also proceeding from block 210 may be block 214 , 
which may be performed on - site in the field environment , 
off - site , or after ground truth labels for a plurality of plants 
( e.g. , for an entire row , entire field , etc. ) have been gener 
ated . In some embodiments , compute device 104 and / or 
remote computing resources may be configured to generate 
one or more recommended intervention strategies , plant / 
crop management strategies or practices , or the like ( collec 
tively referred to as plant insights ) based at least on the 
ground truth labeled data . Plant insights may be applicable 
to particular plants / crops , a plurality of particular plants / 
crops , particular field ( s ) , and / or be time specific . In some 
embodiments , plant insights associated with a first plant may 
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be based on one or more ground truth labeled data associated 
with the first plant , one or more ground truth labeled data 
associated with the first plant and one or more plants other 
than the first plant , one or more ground truth labeled data 
associated with the first plant and historical ground truth 
labeled data associated with the first plant , one or more 
ground truth labeled data associated with the first plant and 
historical ground truth labeled data associated one or more 
plants other than the first plant , and / or the like . 
[ 0035 ] Plant insights may comprise predictions , recom 
mendations , strategies , estimates , and / or information about 
one or more of a health , a yield , a planting , a growth , a 
harvest , a management , a performance , and a state of a plant 
of interest . For a given plant , its associated ground truth 
labels may be analyzed to determine whether one or more of 
the identified traits deviates from an ideal or expected 
normal state , and if a deviation is detected , access a knowl 
edge base that specifies what action ( s ) may be taken to 
address the deviation . Leaf size , shape , color , or other traits 
may indicate , for instance , the presence of a particular 
disease . The knowledge base may specify what treatment 
may be taken to eliminate the particular disease from the 
plant , prevent the particular disease from spreading to other 
plants , prevent the particular disease from occurring in 
subsequently planted / grown plants , and / or the like . As 
another example , for a given plant , its associated ground 
truth labels may be analyzed to identify a particular state or 
status of the given plant . For a flowering plant ( e.g. , lilies ) , 
analyzing the size , shape , color , scent , or other traits of the 
flowers , leaves , stalk , or the plant overall may indicate how 
ready the flowers are for harvesting , and thus , an estimate 
may be made as to an ideal harvesting time of the flowers . 
[ 0036 ] Examples of plant / crop insights may include , with 
out limitation , ( ideal ) pruning schedule for the particular 
plant comprising a vine fruit , disease or insect identification 
and treatment strategy for the particular plant , fertilizer 
composition recommendation for a particular portion of the 
field that differs from fertilizers for a different portion of the 
field , increasing crop yield and / or quality by changing 
planting density and / or plant types in particular areas of the 
field based on micro - climate or micro - growing condition 
differences between particular areas of the field , recom 
mended planting or harvesting dates , operational settings for 
farm equipment such as combines or tractors , estimates of 
future yields , and / or the like . 
[ 0037 ] In some embodiments , plant insight logic included 
in compute device 104 may be configured to generate the 
plant insights . Plant insight logic may be implemented as 
software comprising one or more instructions to be executed 
by one or more processors included in compute device 104 
( and / or a remotely located server / compute device if compute 
device 104 is resource constrained or plant insights are to be 
generated off - site ) . In alternative embodiments , plant insight 
logic ( or a portion thereof ) may be implemented as firmware 
or hardware such as , but not limited , to , an application 
specific integrated circuit ( ASIC ) , programmable array logic 
( PAL ) , field programmable gate array ( FPGA ) , and the like 
included in the compute device 104 ( and / or remotely located 
server / compute device ) . 
[ 0038 ] In some embodiments , at block 214 , a plant insight 
report that includes any of the plant insight data discussed 
above may also be generated and displayed / presented to the 

user 110. If the plant insights include time sensitive recom 
mendations , for example , user 110 may take action while in 
the field . 
[ 0039 ] The generated plant insights may be saved locally 
and / or remotely , at block 216. Such saved data may be 
associated with one or more of the raw data , processed raw 
data , ground truth labeled data , processed ground truth 
labeled data , particular plants , particular fields , particular 
geo - locations , and / or the like . 
[ 0040 ] In alternative embodiments , semi - autonomous 
ground truth labels may be generated comprising a combi 
nation of autonomously predicted ground truth labels and 
manually confirmed and / or supplemented ground truth 
labels . FIG . 3 depicts example images 300 and 302 associ 
ated with acquisition of semi - autonomous ground truth 
labels for the plant 114 , according to some embodiments . 
Images 300 and 302 may be displayed on the user interface 
device 106 . 
[ 0041 ] In particular , image 300 may be initially displayed 
on the user interface device 106 after acquisition of raw data 
associated with plant 114. Labels 310 , 312 , 314 , 316 , 318 
included in image 300 comprise autonomously predicted 
ground truth labels of phenotypic traits of the plant 114 . 
Labels 310-318 associated with plant 114 may be generated 
by one or more computerized models developed to auto 
matically identify or extract phenotypic traits by analyzing 
raw data associated with the plant 114. The computerized 
models may have been pre - trained or -configured by sets of 
raw data and associated ground truth labels of phenotypic 
traits ( such as sets of manual ground truth labels generated 
in connection with FIG . 2 ) . Details of the computerized 
models , techniques , algorithms , or the like will be further 
discussed in connection with FIGS . 4 and 5 . 
[ 0042 ] Labels 310 , 312 , and 314 predict ground truth 
labels of respective leaves of the plant 114 , label 316 
predicts a ground truth label of a fruit of the plant 114 , and 
label 318 predicts a ground truth label of the height of the 
plant 114 . 
[ 0043 ] Upon viewing image 300 , user 110 may confirm , 
check , augment , correct , supplement , and / or otherwise 
manually complete generation of high confidence or accu 
rate ground truth labels for the plant 114. Image 302 depicts 
image 300 after inputs made by the user 110 on the user 
interface device 106. In image 302 , new label 322 may 
comprise a modification of label 312 associated with a leaf 
of the plant 114 made by the user 110. Label 312 may have 
been modified because it only partially identifies the leaf ; 
hence , the only a partial size , color , location , and / or other 
traits may have been detected for that leaf . New label 324 
identifies one or more traits associated with a fruit that was 
not detected by the model ( see absence of a label for the fruit 
in image 300 ) . Thus , a complete set of ground truth labels for 
plant 114 may be generated , partly autonomous and partly 
manually generated . 
[ 0044 ] FIG . 4 depicts an example process 400 for semi 
autonomous generation of real time ( or near real time ) 
ground truth labels , according to some embodiments . In 
some embodiments , blocks 402 and 404 may be similar to 
respective blocks 202 and 204 of FIG . 2 . 
[ 0045 ] With raw data associated with a particular plant 
( e.g. , plant 114 ) acquired , processed ( as needed ) , and saved , 
process 400 may proceed to block 405. At block 405 , ground 
truth label prediction logic included in compute device 104 
( and / or remote server / compute device ) may be configured to 
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autonomously extract or predict ground truth labels of 
phenotypic traits associated with the particular plant based 
on raw data in block 404 . 
[ 0046 ] Ground truth label prediction logic may comprise 
one or more computerized models that have been pre - trained 
or -configured with sets of raw data and associated ground 
truth labels of phenotypic traits that are of high confidence 
level or accuracy . Raw data associated with the plant of 
interest may comprise the inputs to the models , and in 
response , the models may analyze the raw data to extract , 
predict , identify , or determine phenotypic traits of the plant 
of interest . Models , techniques , algorithms , or the like that 
may be used or trained may include , but are not limited to , 
one or more of : optical flow techniques that may be used to 
determine the segments or parts of the plant present in the 
raw data ; computer vision techniques ; convolutional neutral 
net or network ( CNN ) may be used to analyze image raw 
data ; recurrent neutral net or network ( RNN ) may be used to 
extract plant traits present in the raw data ; machine learning 
dataflow libraries ( e.g. , TensorFlow which is available as an 
open - source software library for Machine Intelligence from 
TensorFlow Community ) may be used to facilitate use of 
machine learning or deep learning models ; machine learning 
models / systems ; deep learning models / systems ; and / or the 
like . 
[ 0047 ] Ground truth label prediction logic may be config 
ured to generate ground truth labels that may be similar to 
and / or more extensive than human generated ground truth 
labels . For example , if the raw data includes 3D point cloud 
plant data associated with the plant of interest , ground truth 
label prediction logic may be configured to automatically 
extract 3D architectural / structural traits of the plant of 
interest using the 3D point cloud plant data . 
[ 0048 ] In some embodiments , ground truth label predic 
tion logic may be implemented as software comprising one 
or more instructions to be executed by one or more proces 
sors included in compute device 104 ( and / or remote server / 
compute device ) . In alternative embodiments , ground truth 
label prediction logic ( or a portion thereof ) may be imple 
mented as firmware or hardware such as , but not limited , to , 
an application specific integrated circuit ( ASIC ) , program 
mable array logic ( PAL ) , field programmable gate array 
( FPGA ) , and the like included in the compute device 104 
( and / or remotely located server / compute device ) . 
[ 0049 ] Next , at block 406 , compute device 104 may be 
configured to generate and present , on the user interface 
device 106 , the predicted ground truth labels of block 405 in 
a format that may be accessible by the user 110. One or more 
images , graphs , textual or numerical data , data tables , and / or 
the like may be presented . For instance , the predicted ground 
truth labels may be visually displayed along with an image 
of the plant of interest , such as image 300. User interface 
device 106 may prompt user 110 to review the predicted 
ground truth labels and accept , supplement , and / or modify 
the predictions . 
[ 0050 ] At block 408 , user interface device 106 and com 
pute device 104 may be configured to receive inputs from 
the user 110 associated with finalizing ground truth labels . 
As discussed above , user 110 may accept , confirm , modify , 
and / or otherwise provide an indication about one or more of 
the predicted ground truth labels , and the user 110 may also 
add new ground truth labels , such as shown in image 302 . 
User 110 may provide his / her inputs from viewing the 
presentation of block 406 ( e.g. , image 300 ) and / or by 

performing direction observations or measurements of the 
actual plant ( e.g. , measuring or inspecting plant 114 ) . 
[ 0051 ] In some embodiments , blocks 405 , 406 , and 408 
may be performed in a field environment , contemporaneous 
with or in real time ( or near real time ) to block 402. Blocks 
402 , 405 , 406 , and 408 may be performed during a single 
time within the field and without leaving the field and 
returning . 
[ 0052 ] The combination of autonomously predicted 
ground truth labels supplemented with human input , referred 
to as semi - autonomous ground truth labels , may be saved , 
indexed , etc. by the compute device 104 , at block 410 . 
Process 400 may then proceed to block 412 to position the 
system 100 to the next plant and return to block 402 to 
capture raw data associated with the next plant . Plant 
insights may also be generated and saved , at respective 
blocks 414 , 416 , based on the saved ground truth labeled 
data of block 410. Blocks 410-416 may be similar to blocks 
210-216 of FIG . 2 except the ground truth labeled data 
comprises the semi - autonomous round truth labels finalized 
at block 408 . 
[ 0053 ] In other alternative embodiments , fully autono 
mous ground truth labels may be generated based on the raw 
data . In this case , system 100 may be configured to generate 
final ground truth labels based on raw data without human 
input . System 100 may also be configured to collect raw 
data , process the collected raw data in real time ( or near real 
time ) , and extract / generate associated ground truth labels in 
real time ( or near real time ) without human input . For 
example , at least a portion of the system 100 may comprise 
an unmanned ground vehicle ( UGV ) or unmanned aerial 
vehicle ( UAV ) . Although system 100 is depicted in FIG . 1 
as a single mobile platform , system 100 may comprise two 
or more mobile platforms and one or more ( or portions of ) 
sensors 102 , compute device 104 , and user interface device 
106 may be distributed between the two or more mobile 
platforms comprising the system 100. A first portion of 
system 100 , for example , may comprise a ground platform 
and a second portion of system 100 may comprise an aerial 
platform . 
[ 0054 ] FIG . 5 depicts an example process 500 for genera 
tion of autonomous ground truth labels of plant phenotypic 
traits for a plant of interest ( e.g. , plant 114 ) , according to 
some embodiments . Raw data associated with the plant of 
interest may be acquired , processed ( optional ) , and saved 
using system 100 at blocks 502 and 504. Blocks 502 and 504 
may be similar to respective blocks 202 and 204 . 
[ 0055 ] Next , at block 505 , ground truth label prediction 
logic included in compute device 104 ( and / or remote server / 
compute device ) may be configured to generate , predict , or 
extract ground truth labels of phenotypic traits associated 
with the plant of interest based on the raw data of block 504 . 
Block 505 may be similar to block 405. The model config 
ured to perform automatic plant trait extraction from the raw 
data may be the same or similar to the model used to obtain 
predicted ground truth labels in block 405. In some embodi 
ments , the model of block 505 may comprise a more trained 
version of the model of block 405 such that the model of 
block 505 may predict ground truth labels that are of higher 
confidence or accuracy , types , and / or greater granularity 
than ground truth labels that may be predicted by the model 
of block 405. In some embodiments , process 400 ( or a 
portion thereof ) may be considered to be part of the training 
phase of the model used in block 505 . 
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may be 

[ 0056 ] As discussed above , the model may be trained to 
extract or identify any of a variety of plant traits . As an 
example , if the raw data sensed in block 502 is associated 
with plants 118 and 120 , one of the analyses that may be 
performed of the raw data may be to disambiguate or 
classify the plant structures / parts belonging to plant 118 
from those belonging to plant 120. The base , branches , 
and / or stalks may be identified and tracing may be per 
formed thereon to determine the extent of respective plants 
118 , 120 . 
[ 0057 ] Ground truth labels generated in block 505 may be 
generated in real time , near real time , or contemporaneous 
with acquisition of the raw data . Ground truth labels 
generated on - site while system 100 is in the crop field . 
[ 0058 ] Next , at block 506 , compute device 104 may be 
configured to generate and / or present the ground truth labels 
generated in block 505 along with possible associated infor 
mation . For example , if the user 110 may be in the field 
along with system 100 , real time ( or near real time ) use of 
the raw data may be demonstrated by displaying the ground 
truth labels along with an image of the plant of interest . 
Block 506 may be optional if there is no human operator in 
the field , for example . 
[ 0059 ] Once the ground truth labels have been generated , 
since they comprise extracted phenotypic trait data at high 
confidence , such data and / or a version configured for pre 
sentation may be saved at block 510 without review , cor 
rection , or augmentation by the user 110. Then system 100 
may be repositioned , at block 512 , to capture raw data 
associated with the next plant , process 500 returning to 
block 502. Blocks 510 and 512 may be similar to respective 
blocks 210 and 212. In some embodiments , block 512 may 
occur simultaneous with any of blocks 504 , 505 , 506 , or 510 . 
[ 0060 ] At block 514 , plant insights may also be automati 
cally generated based on the ground truth labels saved in 
block 510 , and such plant insights may be saved at block 
516. Blocks 514 , 516 may be similar to respective blocks 
214 , 216. Ground truth labels generated in block 505 and 
referred to in connection with blocks 506-516 may also be 
referred to as autonomously extracted phenotypic traits 
based on the raw / sensor data associated with the plant of 
interest . 
[ 0061 ] In this manner , a plurality of plant phenotypic traits 
associated with a plant or crop may be accurately deter 
mined in real time ( or near real time ) to acquisition of data 
sensed about the plant or crop . Varying degrees of autono 
mous generation of the plant phenotypic traits may be 
possible , depending on availability of an automatic analysis 
system , the accuracy or confidence level of the automatic 
analysis system , availability of knowledgeable human 
operators to manually acquire plant phenotypic traits , and / or 
the like . Plant insights based on the determined plant phe 
notypic traits may also be generated in real time ( or near real 
time ) to determination of the plant phenotypic traits . Diag 
nosing a plant disease ( e.g. , based on leaf color , size , shape , 
or other plant characteristic ) and formulating a treatment 
plan or estimating when a fruit plant will be ready to for 
harvest ( e.g. , based on size , color , or shape of fruit growing 
on the plant ) is an example of plant insights that may be 
provided . 
[ 0062 ] FIG . 6 depicts an example device that may be 
implemented in the system 100 of the present disclosure , 
according to some embodiments . The device of FIG . 6 may 
comprise at least a portion of any of sensors 102 , compute 

device 104 , user interface device 106 , remote servers , 
remote databases , and / or remote resources to the system 
100. Platform 600 as illustrated includes bus or other inter 
nal communication means 615 for communicating informa 
tion , and processor 610 coupled to bus 615 for processing 
information . The platform further comprises random access 
memory ( RAM ) or other volatile storage device 650 ( alter 
natively referred to herein as main memory ) , coupled to bus 
615 for storing information and instructions to be executed 
by processor 610. Main memory 650 also may be used for 
storing temporary variables or other intermediate informa 
tion during execution of instructions by processor 610 . 
Platform 600 also comprises read only memory ( ROM ) 
and / or static storage device 620 coupled to bus 615 for 
storing static information and instructions for processor 610 , 
and data storage device 625 such as a magnetic disk , optical 
disk and its corresponding disk drive , or a portable storage 
device ( e.g. , a universal serial bus ( USB ) flash drive , a 
Secure Digital ( SD ) card ) . Data storage device 625 is 
coupled to bus 615 for storing information and instructions . 
[ 0063 ] Platform 600 may further be coupled to display 
device 670 , such as a cathode ray tube ( CRT ) or a liquid 
crystal display ( LCD ) coupled to bus 615 through bus 665 
for displaying information to a computer user . In embodi 
ments where platform 600 provides computing ability and 
connectivity to a created and installed display device , dis 
play device 670 may display the images overlaid with the 
crop fields / sub - fields information as described above . 
Alphanumeric input device 675 , including alphanumeric and 
other keys , may also be coupled to bus 615 through bus 665 
( e.g. , via infrared ( IR ) or radio frequency ( RF ) signals ) for 
communicating information and command selections to 
processor 610. An additional user input device is cursor 
control device 680 , such as a mouse , a trackball , stylus , or 
cursor direction keys coupled to bus 615 through bus 665 for 
communicating direction information and command selec 
tions to processor 610 , and for controlling cursor movement 
on display device 670. In embodiments utilizing a touch 
screen interface , it is understood that display 670 , input 
device 675 , and cursor control device 680 may all be 
integrated into a touch - screen unit . 
[ 0064 ] Another component , which may optionally be 
coupled to platform 600 , is a communication device 690 for 
accessing other nodes of a distributed system via a network . 
Communication device 690 may include any of a number of 
commercially available networking peripheral devices such 
as those used for coupling to an Ethernet , token ring , 
Internet , or wide area network . Communication device 690 
may further be a null - modem connection , or any other 
mechanism that provides connectivity between platform 600 
and the outside world . Note that any or all of the components 
of this system illustrated in FIG . 6 and associated hardware 
may be used in various embodiments of the disclosure . 
[ 0065 ] The processes explained above are described in 
terms of computer software and hardware . The techniques 
described may constitute machine - executable instructions 
embodied within a tangible or non - transitory machine ( e.g. , 
computer ) readable storage medium , that when executed by 
a machine will cause the machine to perform the operations 
described . Additionally , the processes may be embodied 
within hardware , such as an application specific integrated 
circuit ( ASIC ) or otherwise . 
[ 0066 ] A tangible machine - readable storage medium 
includes any mechanism that provides ( e.g. , stores ) infor 
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mation in a non - transitory form accessible by a machine 
( e.g. , a computer , network device , personal digital assistant , 
manufacturing tool , any device with a set of one or more 
processors , etc. ) . For example , a machine - readable storage 
medium includes recordable / non - recordable media ( e.g. , 
read only memory ( ROM ) , random access memory ( RAM ) , 
magnetic disk storage media , optical storage media , flash 
memory devices , etc. ) . 
[ 0067 ] The above description of illustrated embodiments 
of the invention , including what is described in the Abstract , 
is not intended to be exhaustive or to limit the invention to 
the precise forms disclosed . While specific embodiments of , 
and examples for , the invention are described herein for 
illustrative purposes , various modifications are possible 
within the scope of the invention , as those skilled in the 
relevant art will recognize . 
[ 0068 ] These modifications can be made to the invention 
in light of the above detailed description . The terms used in 
the following claims should not be construed to limit the 
invention to the specific embodiments disclosed in the 
specification . Rather , the scope of the invention is to be 
determined entirely by the following claims , which are to be 
construed in accordance with established doctrines of claim 
interpretation . 
What is claimed is : 
1. A method comprising : 
acquiring sensor data associated with a plant growing in 

a field , wherein the sensor data is acquired from one or 
more of an optical sensor , an acoustic sensor , a chemi 
cal sensor , a geo - location sensor , an environmental 
sensor , or a weather sensor ; 

autonomously predicting , while in the field , one or more 
phenotypic traits associated with the plant based on the 
sensor data and a computerized model ; 

presenting indications of the one or more phenotypic traits 
predicted ; 

obtaining a confirmation , modification , or addition indi 
cation for at least one of the indications of the one or 
more phenotypic traits predicted ; 

determining one or more ground truth labeled phenotypic 
traits associated with the plant based on the one or more 
phenotypic traits predicted and the confirmation , modi 
fication , or addition indication obtained ; and 

indexing , while in the field , the one or more ground truth 
labeled phenotypic traits to one or both of an identifier 
of the plant or a virtual representation of a part of the 
plant . 

2. The method of claim 1 , wherein the computerized 
model includes a machine learning system , a deep learning 
system , an optical flow technique , a computer vision tech 
nique , a convolutional neural network ( CNN ) , a recurrent 
neutral network ( RNN ) , or a machine learning dataflow 
library . 

3. The method of claim 1 , wherein obtaining the confir 
mation , modification , or addition indication comprises 
obtaining the confirmation , modification , or addition indi 
cation from a user . 

4. The method of claim 3 , wherein obtaining the confir 
mation , modification , or addition indication comprises 
determining the confirmation , modification , or addition indi 
cation based on one or both of viewing of an image of the 
plant or direct observation of the plant by the user . 

5. The method of claim 1 , further comprising : 
determining one or more plant insights based on the one 

or more ground truth labeled phenotypic traits , wherein 
the one or more plant insights includes information 
about one or more of a health , a yield , a planting , a 
growth , a harvest , a management , a performance , or a 
state of the plant ; and 

generating a plant insights report that includes one or 
more of the health , the yield , the planting , the growth , 
the harvest , the management , the performance , or the 
state of the plant . 

6. The method of claim 5 , wherein determining the one or 
more plant insights comprising determining the one or more 
plant insights while in the field . 

7. The method of claim 5 , further comprising identifying , 
while in the field , one or more metadata associated with the 
plant or a condition of an environment proximate to the plant 
based on the sensor data . 

8. The method of claim 7 , wherein the condition of the 
environment proximate to the plant comprises soil proper 
ties , soil chemical composition , light , solar characteristics , 
temperature , or humidity , and wherein determining the one 
or more plant insights comprises determining the one or 
more plant insights based on the one or more ground truth 
labeled phenotypic traits and the condition of the environ 
ment proximate to the plant . 

9. The method of claim 1 , wherein the one or more 
phenotypic traits predicted comprises physical attributes of 
the plant , and wherein the plant comprises a crop plant , a 
fruit bearing plant , a vegetable bearing plant , or a seed 
bearing plant . 

10. The method of claim 1 , wherein acquiring the sensor 
data comprises acquiring the sensor data using a human 
operated vehicle , an unmanned aerial vehicle ( UAV ) , or an 
unmanned ground vehicle ( UGV ) . 

11. One or more computer - readable storage medium com 
prising a plurality of instructions to cause an apparatus , in 
response to execution by one or more processors of the 
apparatus , to : 

acquire sensor data associated with a plant growing in a 
field , wherein the sensor data is acquired from one or 
more of an optical sensor , an acoustic sensor , a chemi 
cal sensor , a geo - location sensor , an environmental 
sensor , or a weather sensor ; 

autonomously predict , while in the field , one or more 
phenotypic traits associated with the plant based on the 
sensor data and a computerized model ; 

present indications of the one or more phenotypic traits 
predicted ; 

obtain a confirmation , modification , or addition indication 
for at least one of the indications of the one or more 
phenotypic traits predicted ; 

determine one or more ground truth labeled phenotypic 
traits associated with the plant based on the one or more 
phenotypic traits predicted and the confirmation , modi 
fication , or addition indication obtained ; and 

index , while in the field , the one or more ground truth 
labeled phenotypic traits to one or both of an identifier 
of the plant or a virtual representation of a part of the 
plant . 

12. The computer - readable storage medium of claim 11 , 
wherein the computerized model includes a machine learn 
ing system , a deep learning system , an optical flow tech 
nique , a computer vision technique , a convolutional neural 
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network ( CNN ) , a recurrent neutral network ( RNN ) , or a 
machine learning dataflow library . 

13. The computer - readable storage medium of claim 11 , 
wherein to obtain the confirmation , modification , or addition 
indication comprises to obtain the confirmation , modifica 
tion , or addition indication from a user . 

14. The computer - readable storage medium of claim 13 , 
wherein to obtain the confirmation , modification , or addition 
indication comprises to determine the confirmation , modi 
fication , or addition indication based on one or both of 
viewing of an image of the plant or direct observation of the 
plant by the user . 

15. The computer - readable storage medium of claim 11 , 
wherein the instructions further cause the apparatus , in 
response to execution by the one or more processors of the 
apparatus , to : 
determine one or more plant insights based on the one or 
more ground truth labeled phenotypic traits , wherein 
the one or more plant insights includes information 
about one or more of a health , a yield , a planting , a 
growth , a harvest , a management , a performance , or a 
state of the plant ; and 

generate a plant insights report that includes one or more 
of the health , the yield , the planting , the growth , the 
harvest , the management , the performance , or the state 
of the plant . 

16. The computer - readable storage medium of claim 15 , 
wherein to determine the one or more plant insights com 
prises to determine the one or more plant insights while in 
the field . 

17. The computer - readable storage medium of claim 15 , 
wherein the instructions further cause the apparatus , in 
response to execution by the one or more processors of the 
apparatus , to identify , while in the field , one or more 
metadata associated with the plant or a condition of an 
environment proximate to the plant based on the sensor data . 

18. The computer - readable storage medium of claim 17 , 
wherein the condition of the environment proximate to the 
plant comprises soil properties , soil chemical composition , 
light , solar characteristics , temperature , or humidity , and 
wherein to determine the one or more plant insights com 
prises to determine the one or more plant insights based on 
the one or more ground truth labeled phenotypic traits and 
the condition of the environment proximate to the plant . 

19. The computer - readable storage medium of claim 11 , 
wherein the one or more phenotypic traits predicted com 
prises physical attributes of the plant , and wherein the plant 
comprises a crop plant , a fruit bearing plant , a vegetable 
bearing plant , or a seed bearing plant . 

20. The computer - readable storage medium of claim 11 , 
wherein to acquire the sensor data comprises to acquire the 
sensor data using a human - operated vehicle , an unmanned 
aerial vehicle ( UAV ) , or an unmanned ground vehicle 
( UGV ) . 


