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SYSTEM FOR DETERMINING POSITION OF FIG . 10 is an example flow diagram showing an illustra 
A VEHICLE tive process for determining coordinates of a vehicle point of 

interest according to some implementations . 
CROSS - REFERENCE TO RELATED FIG . 11 is an example flow diagram showing an illustra 

APPLICATION ( S ) 5 tive process for determining coordinates of an implement 
point of interest according to some implementations . 

This application is a non - provisional of and claims pri FIG . 12 is an example flow diagram showing an illustra 
ority to U . S . Provisional Application No . 62 / 306 , 285 , filed tive process for determining coordinates of a target point 
on Mar . 10 , 2016 , and entitled “ SYSTEM FOR DETER - using coordinates of a reference point according to some 
MINING POSITION OF A VEHICLE ” the entirety of 10 implementations 
which is incorporated herein by this reference thereto . FIG . 13 illustrates example components of one or more 

BACKGROUND servers associated with a position recognizing system 
according to some implementations . 

The presence of autonomous vehicles in today ' s world is 15 DETAILED DESCRIPTION becoming more and more common . Often the vehicles 
utilize Global Navigation Satellite System ( GNSS ) sensors This disclosure includes techniques and implementations to recognize a global position of the vehicle based on a 
global coordinate system . In the area of construction , GNSS for determining positions , coordinates , rotation angles ( e . g . , 
sensors have been used to assist in determining an elevation 20 pitch , roll , and yaw ) , and slopes associated with implement 
and slope angle associated with grading control of a machine control for operations , such as grading and / or leveling of 
implement . However , the GNSS sensors are expensive and terrain . In particular , this disclosure describes systems that 
prone to accidents on the construction site . may be utilized to configure a vehicle having an implement 

for remote control or automated control . In some cases , the 
BRIEF DESCRIPTION OF THE DRAWINGS 25 systems may include various sensor package systems placed 

on a vehicle to collect data related to the movement , angle , 
The detailed description is described with reference to the direction , and slope of the vehicle which may be utilized to 

accompanying figures . In the figures , the left - most digit ( s ) of control an implement to provide a desired grade to terrain . 
a reference number identifies the figure in which the refer - For example , the sensor packages may include a combina 
ence number first appears . The use of the same reference 30 tion of one or more global positioning sensor systems or one 
numbers in different figures indicates similar or identical or more measurement units . In some cases , the global 
components or features . positioning sensor systems may be Global Navigation Sat 

FIG . 1 is a side view of a sensor package system mounted ellite System ( GNSS ) sensors ( which may include GNSS 
on a vehicle including an implement without independent antennas , GNSS receivers , Global Positioning System 
pitch control according to some implementations . 35 ( GPS ) antennas and receivers , GLONASS antennas and 

FIG . 2 is an orthogonal view of a sensor package system receivers , GALILEO antennas and receivers , BEIDOU 
mounted on a vehicle including an implement without antennas and receivers , as well as other satellite systems 
independent pitch control according to some implementa antennas and receivers ) . The measurement units may 
tions . include internal measurement units ( IMU ) , accelerometers , 

FIG . 3 is an orthogonal view of another sensor package 40 gyroscopes , magnetometers , or a combination thereof . 
system mounted on a vehicle including an implement with In some cases , the system may include sensor package 
out independent pitch control according to some implemen - combinations and placements on the vehicle to provide 
tations . improved protection for the sensors , including expensive 

FIG . 4 is an orthogonal view of another sensor package GNSS sensors . For example , in some systems a pair of 
system mounted on a vehicle including an implement with - 45 GNSS sensors may be mounted on the implement of the 
out independent pitch control according to some implemen - vehicle , such as a cutting blade , shovel , bowl , bucket or 
tations . blade implement of a bulldozer , for receiving satellite sig 

FIG . 5 is an orthogonal view of another sensor package nals and determining the position of the implement relative 
system mounted on a vehicle including an implement with to the global coordinate system . However , the implement 
out independent pitch control according to some implemen - 50 may be exposed to a high level of vibration and impact 
tations . during terrain leveling operations , in addition to often being 

FIG . 6 is a side view of a sensor package system mounted contacted by objects , such as rocks and debris . In some 
on a vehicle including an implement having independent cases , the vibration of the implement may be directly 
pitch control according to some implementations . transferred to the GNSS sensors and the vibration may 

FIG . 7 is an orthogonal view of another sensor package 55 inhibit the GNSS sensors from accurately receiving the 
system mounted on a vehicle including an implement having satellite signal and decoding data contained within the 
independent pitch control according to some implementa signal . 
tions . Additionally , disposing the GNSS sensors on the imple 

FIG . 8 is an orthogonal view of a vehicle to illustrate ment often leads to undesirable damage of the GNSS sensors 
vehicle body reference points that may be utilized for 60 during use of the vehicle . Repair and / or replacement of the 
calculating the points of interest and angles , positions , and GNSS sensors is expensive and may be time consuming 
slopes for controlling the vehicle during operation according particularly in remote environments , such as gold mines in 
to some implementations . South America or northern Alaska . In some cases , such as 

FIG . 9 is an example flow diagram showing an illustrative the gold mines in northern Alaska , loss of days to a week of 
process for converting longitude , latitude , altitude coordi - 65 mining may be disastrous due to the weather shortened work 
nates into east , north , up coordinates according to some periods ( as little as a few months ) and in some situations can 
implementations . even bankrupt the company . 

16
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In other examples , the GNSS sensor or sensors may be In this example , a GNSS sensor may be mounted on the 
placed on the vehicle body and one or more cylinder stroke top of the vehicle body . In another example , the GNSS 
length sensors may be placed within the hydraulic cylinders antenna may be mounted on top of the vehicle body and the 
that control the implement to protect the GNSS sensors or GNSS receiver may be mounted within the cab or engine 
sensors from dirt , sand , rocks that may damage the unit . 5 compartment of the vehicle . In the case of a GNSS antenna 
However , the cylinder stroke length sensor may be difficult being mounted on top of the vehicle body , the GNSS 
to access in the case of damage or malfunction . Thus , the receiver may be in communication ( e . g . , wireless commu entire hydraulic cylinder may have to be replaced . Addi nication or wired communication ) with the GNSS antenna to tionally , the hydraulic cylinders are sized for particular receive and decode the satellite signal . The GNSS antenna vehicle and implements . Thus , the cylinder stroke length 10 may receive a GNSS signal from a satellite and send the sensor may have to be designed for the particular hydraulic GNSS signal ( or data related to the signal ) to the GNSS system associated with each vehicle model and implement receiver . The GNSS receiver may decode the signal to pairing resulting in increased manufacturing costs and lim 
ited market for each particular sensor package system . determine a position of the GNSS antenna in the global 

The sensor package systems . described herein . are 15 coordinate system . The GNSS antenna and GNSS receiver 
mounted with respect to the vehicle to improve reliability of may be provided as a single package , herein referred to as 
the GNSS sensor , promote accuracy in the received signal a GNSS sensor . 
data , and flexibility in calculating the global position and A second IMU may be mounted on the vehicle body to 
angles of an implement over a large range of vehicle and determine the pitch , roll , and yaw of the vehicle body . In 
implement combinations . In some cases , the system is 20 some cases , the second IMU may include one or more 
designed to provide universal assembly , disassembly and accelerometers , one or more gyroscopes , one or more mag 
reuse among vehicles or machines of different models and netometers , and / or one or more pressure sensors , among 
makes . others sensors . In one particular example , the second IMU 

In some examples , the sensor package system may also be may include three accelerometers placed orthogonal to each 
configured to compute the global position for any point 25 other , three rate gyroscopes placed orthogonal to each other , 
associated with the vehicle body or the implement . In some three magnetometers placed orthogonal to each other , and a 
specific instances , such as when the vehicle is being con - barometric pressure sensor . In some cases , a vehicle body 
figured for autonomous control and movement , the sensor angle obtaining part or module stored and execution in 
package system may be configured to compute the global association with the control unit may receive or determine 
position of a point of interest ( POI ) of the vehicle body in 30 the vehicle body pitch , roll , and yaw angle measurements 
addition to the global position and angles for a POI associ from the second IMU . 
ated with the implement . The vehicle body POI is a projec - A position recognizing system or control unit ( such as a 
tion point of the vehicle ' s gravitational center on the vehi - processor , a processing unit , a computational unit , etc . ) may 
cle ' s or machine ' s bottom plane . The elevation and angles of be configured process the vehicle body rotation angles ( e . g . , 
the vehicle body POI is a more accurate reflection of the 35 the vehicle body pitch , roll , and yaw from the second IMU ) , 
vehicle position with respect to the ground , and may be used the global position of the GNSS sensor ( e . g . , the global 
for real - time terrain elevation surveying and precise vehicle position of the vehicle body ) measured by the GNSS sensor . 
navigation control . The implement POI may be any point For example , the pitch , roll , and yaw angles measured by the 
along the bottom of the implement , such that the point second IMU may be assigned to the vehicle body POI as the 
contacts the ground . For example , the middle bottom point 40 second IMU and the vehicle body POI are on the same 
of a blade , or the bottom right or left hand corner of a bucket access . The position recognizing system may also estimate 

In one implementation , the sensor package system may be the vehicle body POI using geometric offsets between a 
configured to be applied or mounted on a construction GNSS sensor center and the vehicle body POI and the global 
machine or vehicle , such as a bulldozer , having a vehicle position of the GNSS sensor . For example , the geometric 
body and an implement ( e . g . , cutting blade , a work blade , 45 offsets may be measured or determined during installation of 
bucket , shovel , etc . ) supported by an implement support the sensor package system on the vehicle to tailor the system 
extending from the vehicle body . In some cases , the imple for the particular vehicle . In one specific example , the 
ment support may include a lift frame , one or more hydraulic position recognizing system may apply a Kalman filter to 
cylinders ( in many cases a pair of hydraulic cylinders ) for fuse the GNSS data with the IMU data . 
raising and lowering the implement in relation to the vehicle 50 The position recognizing system may also process the 
body , and a tilt cylinder for controlling the lateral tilt of the implement rotation angles ( e . g . , the pitch , roll , and yaw of 
implement . the blade ) , the global position of the GNSS sensor ( e . g . , the 

In this situation , the system may include a first inertial global position of the vehicle body ) measured by the GNSS 
measurement unit ( IMU ) configured to be mounted on the sensor , connection relationship between the implement and 
implement to determine the implement pitch , roll , and yaw . 55 vehicle body ( e . g . , the length of the lift frame ) , and geo 
The first IMU may include one or more accelerometers , one metric offsets between the implement POI and a series of 
or more gyroscopes , one or more magnetometers , and / or one reference points relative to the vehicle body to estimate the 
or more pressure sensors , among others sensors . In one elevation and slope angle for the implement . For example , 
particular example , the first IMU sensor may include three the reference point may include the vehicle body POI , an 
accelerometers placed orthogonal to each other , three rate 60 attachment point of the implement support or lift frame , a 
gyroscopes placed orthogonal to each other , three magne - point selected based at least in part on the attachment point 
tometers placed orthogonal to each other , and a barometric of the implement support or lift frame , an attachment point 
pressure sensor . In some implementations , an implement of the implement to the implement support or lift frame , 
angle obtaining part or module store and executed in asso - among others . In one specific example , the implement 
ciation with a control unit may receive the implement pitch , 65 rotation angles may be assigned based on the angles mea 
roll and yaw angle measurements from the first IMU sured by the first IMU and the position of the implement POI 
mounted on the implement . may be determined using the GNSS sensor position infor 

17
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mation , various references points , and the geometric offsets series of reference points relative to the vehicle body , to 
between the GNSS sensor , the various reference points , and calculate the elevation and slope angle for the implement . 
the implement POI . For example , s discussed above , the reference point may 

In another implementation , a sensor package system include the vehicle body POI , an attachment point of the 
including two GNSS sensors may be configured to be 5 implement support or lift frame , a point selected based at 
applied or mounted on a construction machine or vehicle , least in part on the attachment point of the implement 
such as a bulldozer , having a vehicle body and an implement support or lift frame , an attachment point of the implement 
( e . g . , cutting blade , bucket , shovel , a work implement , etc . ) to the implement support or lift frame , among others . In one 
supported by an implement support extending from the specific example , the implement rotation angles may be 
vehicle body , as described above . Again , the implement 10 assigned based on the angles measured by the first IMU and 
support may include a lift frame , one or more hydraulic the two GNSS sensors and the position of the implement 
cylinders in many cases a pair of hydraulic cylinders ) for POI may be determined using a GNSS reference position , 
raising and lowering the implement in relation to the vehicle various references points , and the geometric offsets between 
body , a blade tilt cylinder for controlling the lateral tilt of the the GNSS sensor , the various reference points , and the 
implement , and one or more angling cylinders ( in many 15 implement POI . 
cases a pair of angling cylinders ) for controlling the angling In another implementation , the sensor package system 
rotation of the implement . including three GNSS sensors may be configured to be 

In this implementation , a first IMU may again be mounted applied or mounted on a construction machine or vehicle , 
on the implement to provide the blade pitch , roll , and yaw such as a bulldozer , having a vehicle body and an implement 
angles . However , in this implementation , two GNSS sensors 20 ( e . g . , cutting blade , bucket , shovel , a work implement , etc . ) 
are mounted on the top of the vehicle body . Each of the two supported by an implement support extending from the 
GNSS sensors may be placed along the longitudinal axis of vehicle body . Again , the implement support may include a 
the vehicle body and / or along the lateral axis of the vehicle lift frame , one or more hydraulic cylinders ( in many cases a 
body . In both arrangements , a fixed distance between two pair of hydraulic cylinders ) for raising and lowering the 
GNSS sensors may be determined or measured during 25 implement in relation to the vehicle body , and a tilt cylinder 
installation to assist with determining the vehicle body for controlling the lateral tilt of the implement . 
global position . In this implementation , a first IMU may be disposed on 

A second IMU may be mounted on the vehicle body , as the implement , as discussed above . Again , an implement 
described above . In this implementation , the vehicle body angle obtaining module may receive the implement pitch , 
angle obtaining module of the position recognizing system 30 roll and yaw angle measurements from the first IMU . In this 
may receive pitch , roll , and yaw angles from the second implementation , three GNSS sensors may be mounted on 
IMU and calculate the vehicle body pitch , roll , and yaw the top of the vehicle body ( e . g . , a first GNSS sensor , a 
angles based on the pitch , roll , and yaw angles received form second GNSS sensor , and a third GNSS sensor ) . The first 
the second IMU , the two global position of the GNSS and second GNSS sensors may be placed on the lateral axis 
sensors , and the fixed distance between the two GNSS 35 of the vehicle body with a known or fixed spacing . The 
sensors measured during installation . For example , the placement of the first GNSS sensor and the second GNSS 
vehicle body angle obtaining module may differentiate the sensor may result in a symmetrical distribution to the 
two global position coordinates measured by the GNSS longitudinal axis of the vehicle body . The third GNSS sensor 
sensors to determine either the vehicle body pitch and yaw may be placed on the center part of the vehicle body . 
angles or the vehicle body roll and yaw angles depending on 40 A vehicle body angle obtaining module calculates the 
the arrangement of the two GNSS sensors . The vehicle body vehicle body pitch , roll , and yaw angles by using three 
angle obtaining part may obtain the missing angle ( e . g . , global position coordinates measured by the GNSS sensors 
either the vehicle body roll or the vehicle body pitch ) from and the known distance between each GNSS sensor mea 
the second IMU measurements . In some cases , by utilizing sured during installation . A position recognizing system may 
two GNSS sensors to estimate two of the three rational 45 determine the position for the vehicle body POI , elevation , 
angles ( e . g . , the roll , pitch , and yaw ) of the vehicle body a and slope angle for the implement . For example , the position 
more accurate estimation of the vehicle position relative to recognizing system may estimate the global position of the 
the ground or training may be obtained to , thereby , improve vehicle body POI . The position recognizing system may 
the accuracy of associated with the movement of the imple - determine the elevation and slope angle for the implement 
ment . 50 based on the vehicle body POI , the implement rotation 

As discussed above , a position recognizing system may angles , the connection relationship between the implement 
be configured to process the vehicle body rotation angles and vehicle body ( e . g . , the length of the lift frame ) , and the 
( e . g . , the vehicle body pitch , roll , and yaw from the second geometric offsets between the implement POI and a series of 
IMU and / or the vehicle body angle obtaining part ) , the reference points relative to the vehicle body . 
global position of the GNSS sensors , and geometric offsets 55 In yet another implementation , the sensor package system 
between a location associated with the two GNSS sensors may be configured to be applied or mounted on a construc 
and the vehicle body POI , to estimate the global position of tion machine having a vehicle body and an implement 
the vehicle body POI . The geometric offsets may be mea - supported by an implement support extending from the 
sured or determined during installation of the sensor pack - vehicle body . Unlike , the previous examples , in the current 
age system on the vehicle to tailor the system for the 60 implementation , the implement support includes one or 
particular vehicle . more pitch and tilt cylinders for controlling the pitch and tilt 

The position recognizing system may also process the of the implement independent of the pitch / tilt of the vehicle 
implement rotation angles ( e . g . , the pitch , roll , and yaw of body in addition to a lift frame and one or more hydraulic 
the blade from the first IMU ) , the global position of the cylinders for raising and lowering the implement in relation 
vehicle body , connection relationship between the imple - 65 to the vehicle body . 
ment and vehicle body ( e . g . , the length of the lift frame ) , and In this implementation , the sensor package system may 
the geometric offsets between the implement POI and a include a position recognizing system that calculates the 
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vehicle body POI as well as the elevation and the slope angle The sensor package system 100 installed or mounted on 
for the implement using any of the sensor packages the vehicle 102 may include a GNSS sensor 112 . The GNSS 
described above . For example , the sensor package system sensor 112 may be disposed on the top of the vehicle body 
may include ( 1 ) a single GNSS sensor , a first IMU on the 106 ( for example , on top of a cab 114 associated with the 
implement , and a second IMU on the vehicle body , ( 2 ) , two 5 vehicle body 106 ) . The GNSS sensor 112 may include one 
GNSS sensors , a first IMU on the implement , and a second or more antennas for receiving satellite signals and one or IMU on the vehicle body , or ( 3 ) three GNSS sensors and a more receivers or other components for decoding the satel 
single IMU on the implement . lite signals and determining a global position of the GNSS The sensor package system of the current implementation sensor 112 . In some cases , the satellite signals received by may also include a lift frame IMU mounted on the lift frame . 10 the GNSS sensor 112 may be in various formats or stan In some cases , the lift frame IMU may be a gyroscope . In dards , such as GPS , GLONASS , Galileo , BeiDou as well as other cases , the lift frame IMU may include additional 
gyroscopes , accelerometers , magnetometers , and / or pres other satellite navigation standards . The GNSS sensor 112 
sure sensors . The lift frame IMU package may be mounted may have a different arrangement on top of the vehicle body 
on the lift frame to assist in determining the pitch angle of 15 15 106 . For instance , the GNSS sensor 112 may be disposed on 
the lift frame ( or in the case of an IMU mounted on the lift the center of the vehicle body 106 as illustrated with respect 
frame the pitch , roll , and yaw of the lift frame ) . Using the to FIG . 2 below . 
angles of the lift frame obtained via the lift frame IMU or The sensor package system 100 installed or mounted on 
gyroscope and the implement pitch , roll , and yaw from the the vehicle 102 may also include a first IMU 116 disposed 
second IMU on the implement , the rotational angles of the 20 on the implement 104 . The first IMU 116 may include one 
implement POI and the position of the implement POI are or more accelerometers , one or more gyroscopes , one or 
determined . For instance , in one particular example , the more magnetometers , and / or one or more pressure sensors , 
rotational angles of the second IMU may be used as the among others sensors . In one particular example , the first 
rotational angles of the implement POI and the position IMU 116 may include three accelerometers placed orthogo 
recognizing system may determine the implement POI using 25 nal to each other , three rate gyroscopes placed orthogonal to 
the rotation angles ( e . g . , pitch , roll , and yaw ) of the lift each other , three magnetometers placed orthogonal to each 
frame , one or more geometric offsets , and the position data other , and a barometric pressure sensor . The placement of 
determined using the GNSS sensors . the first IMU 116 on the implement 104 allows the first IMU 

In this implementation , a position recognizing system 116 to collect data related to the motion and angles of the 
may determine an elevation and slope angle for the imple - 30 implement 104 . The first IMU 116 may be associated with 
ment based at least in part on the implement pitch , roll , and an implement angle obtaining module associated with a 
yaw angles from the first IMU , the pitch angle of the lift position recognizing system 120 , discussed below , to deter 
frame ( or the pitch , roll , and yaw of the lift frame ) , the global mine a pitch , roll and yaw angle of the implement 104 . 
position of the vehicle body , connection relationship The sensor package system 100 installed or mounted on 
between the implement and vehicle body ( e . g . , the length of 35 the vehicle 102 may also include a second IMU 118 disposed 
the lift frame ) , and geometric offsets between the implement on the vehicle body 106 . The second IMU 118 may be 
POI , and a series of reference points relative to the vehicle mounted on the vehicle body 106 to determine the pitch , roll , 
body . and yaw angles of the vehicle body 106 independent of the 

FIG . 1 is a side view of a sensor package system 100 implement 104 pitch , roll , and yaw angles . In some cases , 
mounted on a vehicle 102 including an implement 104 40 the second IMU 118 may also include one or more accel 
according to some implementations . In this example , the erometers , one or more gyroscopes , one or more magne 
vehicle 102 does not include pitch cylinders for controlling tometers , and / or one or more pressure sensors , among others 
the pitch of the implement 104 independent of the pitch of sensors . The placement of the second IMU 118 on the 
the lift frame 108 . In the current example , the vehicle 102 is vehicle body 106 allows the second IMU 118 to collect data 
a bulldozer but it should be understood that the sensor 45 related to the motion and angles ( pitch , roll , and yaw ) of the 
package system 100 may be applied to any vehicle including vehicle body 106 . The second IMU 118 may be associated 
an implement 104 , such as a blade , bucket , shovel , or scope . with a vehicle body angle part to assist in calculating the 

The vehicle 102 includes the vehicle body 106 and the pitch , roll , and yaw angle measurements of the vehicle body 
implement 104 . The implement 104 is attached or connected 106 . 
to the vehicle body 106 via a lift frame 108 . The implement 50 The first IMU 116 and / or the implement angle obtaining 
104 is , generally , disposed forward of the vehicle body 106 model associated with the position recognizing system 120 
and supported by the lift frame 108 . In the current example , may be configured to send the pitch , roll , and yaw of the 
the implement 104 includes a cutting edge 110 that may implement 104 to a position recognizing system 120 
contact the ground during operations of the vehicle 102 mounted within an cab compartment 122 ( or alternatively 
including sloping , digging , leveling , grading , etc . However , 55 within an engine compartment ) of the vehicle 102 . Similarly , 
in other examples , the implement may be a bucket or shovel the second IMU 118 and / or the vehicle body angle model 
with teeth , rippers , or a bottom that contacts the ground may be configured to send the pitch , roll , and yaw of the 
during operation . In the current example , the implement 104 vehicle body 106 associated with the position recognizing 
is configured to be lifted up and down in conjunction with system 120 . In some cases , the position recognizing system 
the motion of the lift frame 108 . 60 120 may receive the global position data from GNSS sensor 

The lift frame 108 may pivot vertically about an axis ( not 112 . 
shown ) in a lateral direction ( right and left direction from the The position recognizing system 120 may be configured 
front of the vehicle 102 ) . In the current example , the lift to calculate a global position of a vehicle body POI ( not 
frame 108 supports the implement 104 through a ball - and - shown ) and a implement POI ( not shown ) based pitch , roll , 
socket joint , a pitching support link , and a bracing structure 65 and yaw of the implement 104 , the pitch , roll , and yaw of the 
( not shown ) . However , the implement 104 may be supported vehicle body 106 , the global position of the GNSS sensor 
by the lift frame 108 in other ways . 112 , and various geometric relations or offsets associated 
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with the vehicle body 106 , the lift frame 108 and implement The sensor package system 200 installed or mounted on 
104 , described in more detail below . the vehicle 202 may also include a second IMU 218 dis 

FIG . 2 is an orthogonal view of a sensor package system posed on the vehicle body 206 . The second IMU 218 may be 
200 mounted on a vehicle 202 including an implement 204 mounted at any location on the vehicle body 206 ( including 
according to some implementations . As in FIG . 1 , in this 5 the top of the cab 214 ) to determine the pitch , roll , and yaw 
example , the vehicle does not include pitch cylinders for angles of the vehicle body 206 independent of the imple 
controlling the pitch of the implement 204 independent of ment 204 pitch , roll , and yaw angles . In some cases , the 
the pitch of the lift frame 208 . In the current example , the second IMU 218 may also include one or more accelerom 
vehicle 202 is a bulldozer but it should be understood that eters , one or more gyroscopes , one or more magnetometers , 
the sensor package system 200 may be applied to any and / or one or more pressure sensors , among others sensors . 
vehicle including an implement 204 . The placement of the second IMU 218 on the vehicle body 

The vehicle 202 includes the vehicle body 206 and the 206 allows the second IMU 218 to collect data related to the 
implement 204 . The implement 204 is attached or connected motion and angles of the vehicle body 206 . The second IMU 
to the vehicle body via a lift frame ( not shown ) . The 1 218 may be associated with a vehicle body angle part to 
implement 204 is , generally , disposed forward of the vehicle calculate the pitch , roll , and yaw angle measurements of the 
body 202 and supported by the lift frame 208 . In the current vehicle body 206 . 
example , the implement 204 includes a cutting edge 210 The first IMU 216 and / or the implement angle obtaining 
which contacts the ground during operations of the vehicle part may be configured to send the pitch , roll , and yaw of the 
202 including sloping , digging , leveling , grading , etc . The 20 implement 204 to a position recognizing system ( not shown ) 
implement 204 is configured to be lifted up and down in mounted within a cab compartment 222 of the vehicle 202 . 
conjunction with the motion of the lift frame 208 . Alternatively , the position recognizing system may be 

The lift frame 208 may pivot vertically about an axis ( not mounted within an engine compartment or vehicle body case 
shown ) in a lateral direction ( right and left direction from the for protection . Similarly , the second IMU 218 and / or the 
front of the vehicle 202 ) . In the current example , the lift 25 vehicle body angle part may be configured to send the pitch , 
frame 208 supports the implement 204 through a ball - and - roll , and yaw of the vehicle body 206 to the position 
socket joint , a pitching support link , and a bracing structure recognizing system . 
( not shown ) . However , the implement 204 may be supported The position recognizing system ( not shown ) may be 
by the lift frame 206 in other ways . configured to calculate a global position of a vehicle body 

The sensor package system 200 installed or mounted on 30 POI ( not shown ) and a implement POI ( not shown ) based 
the vehicle 202 may include a GNSS sensor 212 . The GNSS pitch , roll , and yaw of the implement 204 , the pitch , roll , and 
sensor 212 may be disposed on the top of the vehicle body yaw of the vehicle body 206 , the global position of the 
206 ( for example , on top of a cab 214 associated with the GNSS sensor 212 , and various geometric relations or offsets 
vehicle body 206 ) . The GNSS sensor 212 may include one associated with the vehicle body 206 , the lift frame and 
or more antennas for receiving satellite signals and one or 35 implement 204 , described in more detail below . 
more registered or other components for decoding the sat - FIG . 3 is another orthogonal view of a sensor package 
ellite signal and determining a global position of the GNSS system 300 mounted on a vehicle 302 including an imple 
sensor 212 . In the illustrated example , the GNSS sensor 212 ment 304 according to some implementations . In this 
is disposed on the center line , 220 of the vehicle body 206 . example , the vehicle 302 does not include pitch cylinders for 
In the current example , the GNSS sensor 212 is positioned 40 controlling the pitch of the implement 304 independent of 
relative to the center of the cab 214 , however , in other the pitch of the lift frame 308 . In the current example , the 
instances , such as the illustrated example of FIG . 1 , the vehicle 302 is a bulldozer but it should be understood that 
GNSS sensor 212 may be positioned further back along the the sensor package system 300 may be applied to any 
center line 220 . Thus , it should be understood , that in this vehicle including an implement 304 . 
example , the GNSS sensor 212 may be positioned along any 45 The vehicle 302 includes the vehicle body 306 and the 
point along the center line 220 or , in alternative implemen - implement 304 . The implement 304 is attached or connected 
tations , at any location on the vehicle body 206 . to the vehicle body 306 via a lift frame ( not shown ) . The 

The sensor package system 200 installed or mounted on implement 304 is , generally , disposed forward of the vehicle 
the vehicle 202 may also include a first IMU 216 disposed body 306 and supported by the lift frame . The implement 
on the implement 204 . The first IMU 216 may include one 50 304 includes a cutting edge 310 which contacts the ground 
or more accelerometers , one or more gyroscopes , one or during operations of the vehicle 302 including sloping , 
more magnetometers , and / or one or more pressure sensors , digging , leveling , grading , etc . The implement 304 is con 
among others sensors . In one particular example , the first figured to be lifted up and down in conjunction with the 
IMU 216 may include three accelerometers placed orthogo motion of the lift frame . 
nal to each other , three rate gyroscopes placed orthogonal to 55 The sensor package system 300 installed or mounted on 
each other , three magnetometers placed orthogonal to each the vehicle 302 may include a first GNSS sensor 312 ( A ) and 
other , and a barometric pressure sensor . a second GNSS sensor 312 ( B ) . The first GNSS sensor 

In the illustrated example , the first IMU 216 is shown as 312 ( A ) and the second GNSS sensor 312 ( B ) may be dis 
positioned at the upper corner of the implement 204 . How - posed on the top of the vehicle body 306 . For instance , in the 
ever , in other examples , the first IMU 216 may be placed at 60 illustrated example , first GNSS sensor 312 ( A ) and the 
other locations along the implement 204 , such as at the top second GNSS sensor 312 ( B ) are both disposed on top of a 
center . The placement of the first IMU 216 on the implement cab 314 associated with the vehicle body 306 . Each of the 
204 allows the first IMU 216 to collect data related to the GNSS sensors 312 ( A ) and 312 ( B ) may include one or more 
motion and angles of the implement 204 . The first IMU 216 antennas for receiving satellite signals and one or more 
may be associated with an implement angle obtaining model 65 registered or other components for decoding the satellite 
( not shown ) to determine a pitch , roll and yaw angle of the signal and determining a global position associated with 
implement 204 . each of the GNSS sensors 312 ( A ) and 312 ( B ) . 
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In the illustrated example , the first GNSS sensor 312 ( A ) FIG . 4 is another orthogonal view of a sensor package 
and the second GNSS sensor 312 ( B ) are aligned along a system 400 mounted on a vehicle 402 including an imple 
lateral axis of the vehicle body 306 to provide positioning ment 404 according to some implementations . In this 
data and roll angles and yaw angles of the vehicle body 306 . example , the vehicle 402 does not include pitch cylinders for 
A known or fixed distance between the first GNSS sensor 5 controlling the pitch of the implement 404 independent of 
312 ( A ) and the second GNSS sensor 312 ( B ) is measured the pitch of the lift frame 408 . As in the examples above , the 
during installation . vehicle 402 is a bulldozer but it should be understood that 

By utilizing the first GNSS sensor 312 ( A ) and the second the sensor package system 400 may be applied to any 
GNSS sensor 312 ( B ) with a known or fixed distance vehicle including an implement 404 . 
between them , the system 300 may differentiate the two 10 The vehicle 402 includes the vehicle body 406 and the 
global position coordinates measured by the first GNSS implement 404 . The implement 404 is attached or connected 
sensor 312 ( A ) and the second GNSS sensor 312 ( B ) to to the vehicle body 406 via a lift frame ( not shown ) . The 
determine the roll and yaw angles of the vehicle body 306 , implement 404 is , generally , disposed forwards of the 
as well as the global position of the vehicle 302 . In this vehicle body 406 and supported by the lift frame . The 
implementation , the use of the second GNSS sensor 312 ( B ) 15 implement 404 includes a cutting edge 410 which contacts 
to assist in determining two of the three rational angles in the ground during operations of the vehicle 402 including 
lieu a single IMU sensor allows for a more accurate mea - sloping , digging , leveling , grading , etc . The implement 404 
surement which in turn allows for more fine - tuned or precise is configured to be lifted up and down in conjunction with 
control of the implement 304 during operation . Additionally , the motion of the lift frame . 
utilizing two GNSS sensors 312 ( A ) and 312 ( B ) may allow 20 The sensor package system 400 installed or mounted on 
for a more accurate calculation of the global position of the the vehicle 402 may include a first GNSS sensor 412 ( A ) and 
vehicle body 306 . a second GNSS sensor 412 ( B ) . The first GNSS sensor 

The sensor package system 300 installed or mounted on 412 ( A ) and the second GNSS sensor 412 ( B ) may be dis 
the vehicle 302 may also include a first IMU 316 disposed posed on the top of the vehicle body 406 . For instance , in the 
on the implement 304 . The first IMU 316 may include one 25 illustrated example , first GNSS sensor 412 ( A ) and the 
or more accelerometers , one or more gyroscopes , one or second GNSS sensor 412 ( B ) are both disposed on top of a 
more magnetometers , and / or one or more pressure sensors , cab 414 associated with the vehicle body 406 . Each of the 
among others sensors . In one particular example , the first GNSS sensors 412 ( A ) and 412 ( B ) may include one or more 
IMU 316 may include three accelerometers placed orthogo - antennas for receiving satellite signals and one or more 
nal to each other , three rate gyroscopes placed orthogonal to 30 registered or other components for decoding the satellite 
each other , three magnetometers placed orthogonal to each signal and determining a global position associated with 
other , and a barometric pressure sensor . The placement of each of the GNSS sensors 412 ( A ) and 412 ( B ) . 
the first IMU 316 on the implement 304 allows the first IMU In the illustrated example , the first GNSS sensor 412 ( A ) 
316 to collect data related to the motion and angles ( pitch , and the second GNSS sensor 412 ( B ) are aligned a longitu 
roll , and yaw ) of the implement 304 . The first IMU 316 may 35 dinal axis of the vehicle body 406 to provide positioning 
send data to the position recognizing system for calculating data , pitch and yaw angles of the vehicle body 406 . A known 
the pitch , roll and yaw angle of the implement 304 . or fixed distance between the first GNSS sensor 412 ( A ) and 

The sensor package system 300 installed or mounted on the second GNSS sensor 412 ( B ) may be measured during 
the vehicle 302 may also include a second IMU 318 dis - installation . 
posed on the vehicle body 306 . The second IMU 318 may be 40 By utilizing the first GNSS sensor 412 ( A ) and the second 
mounted on the vehicle body 302 to determine the missing GNSS sensor 412 ( B ) with a known or fixed distance 
rational angle ( e . g . , the pitch of the vehicle body 302 in the between them , the system 400 may differentiate the two 
illustrated example ) that is not determined using the data global position coordinates measured by the first GNSS 
collected by the first GNSS sensor 312 ( A ) and the second sensor 412 ( A ) and the second GNSS sensor 412 ( B ) to 
GNSS sensor 312 ( B ) . In some cases , the second IMU 318 45 determine either the vehicle body pitch and yaw angles , as 
may also include one or more accelerometers , one or more well as the global position of the vehicle 402 . In this 
gyroscopes , one or more magnetometers , and / or one or more implementation , the use of the second GNSS sensor 412 ( B ) 
pressure sensors , among others sensors . to assist in determining two of the three rational angles in 

The first IMU 316 may be configured to send the pitch , lieu a single IMU sensor allows for a more accurate mea 
roll , and yaw of the implement 304 to a position recognizing 50 surement which in turn allows for more fine - tuned or precise 
system mounted within an engine compartment or cab control of the implement 404 during operation . Additionally , 
compartment of the vehicle 302 . Similarly , the second IMU utilizing two GNSS sensors 412 ( A ) and 412 ( B ) may allow 
318 and / or the vehicle body angle part may be configured to for a more accurate calculation of the global position of the 
send either the pitch or roll angles of the vehicle body 306 vehicle body 406 . 
to the position recognizing system . The position recognizing 55 The sensor package system 400 installed or mounted on 
system may also receive global position data representative the vehicle 402 may also include a first IMU 416 disposed 
of the first GNSS sensor 312 ( A ) and the second GNSS on the implement 404 . The first IMU 416 may include one 
sensor 312 ( B ) and determine the remaining two angles of or more accelerometers , one or more gyroscopes , one or 
the vehicle body 306 as well as the vehicle body POI global more magnetometers , and / or one or more pressure sensors , 
position using a location of the global position of a GNSS 60 among others sensors . In one particular example , the first 
reference point ( for instance , a position of the GNSS sensor IMU 416 may include three accelerometers placed orthogo 
312 ( A ) , the second GNSS sensor 312 ( B ) , or a location nal to each other , three rate gyroscopes placed orthogonal to 
between the two GNSS sensors 312 ( A ) and ( B ) ) , the rota each other , three magnetometers placed orthogonal to each 
tional angels of the vehicle body 306 , the known or fixed other , and a barometric pressure sensor . The placement of 
geometric offset ( measured in the ( X , Y , Z ) dimensions ) 65 the first IMU 416 on the implement 404 allows the first IMU 
between the GNSS reference point ) and the vehicle body 416 to collect data related to the motion and angles ( pitch , 
POI . roll , and yaw ) of the implement 404 . The first IMU 416 may 
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be associated with an implement angle obtaining part ( not tion associated with each of the first GNSS sensor 512 ( A ) , 
shown ) that may assist in calculating the pitch , roll and yaw the second GNSS sensor 512 ( B ) , and the third GNSS sensor 
angle of the implement 404 . 512 ( C ) . 

The sensor package system 400 installed or mounted on In the illustrated example , the first GNSS sensor 512 ( A ) 
the vehicle 402 may also include a second IMU 418 dis - 5 and the second GNSS sensor 512 ( B ) are aligned a latitudinal 
posed on the vehicle body 406 . The second IMU 418 may be axis of the vehicle body 506 and the third GNSS sensor 
mounted on the vehicle body 402 to determine the missing 512 ( C ) is aligned along the longitudinal axis of the vehicle 
rational angle ( e . g . , the roll of the vehicle body 402 in this body 506 . The three GNSS sensors 512 ( A ) - ( C ) may be 
example ) that is not determined using the first GNSS sensor utilized to determine positioning data and the rotational 
412 ( A ) and the second GNSS sensor 412 ( B ) . In some cases , 10 angles of the vehicle body 506 . A known or fixed distance 

between the first GNSS sensor 512 ( A ) and the second GNSS the second IMU 418 may also include one or more accel sensor 512 ( B ) , a known or fixed distance between the first erometers , one or more gyroscopes , one or more magne GNSS sensor 512 ( A ) and the third GNSS sensor 512 ( C ) , and tometers , and / or one or more pressure sensors , among others a known or fixed distance between the second GNSS sensor 
sensors . 15 512 ( B ) and the third GNSS sensor 512 ( C ) may be measured The first IMU 416 may be configured to send the pitch , during installation 
roll , and yaw of the implement 404 or data associated with By utilizing three GNSS sensors 512 ( A ) , 512 ( B ) , and 
the pitch , roll , and yaw of the implement 404 to a position 512 ( C ) with known or fixed distances between them , the 
recognizing system mounted within an engine compartment system 500 may differentiate the three global position coor 
vehicle case , or cab compartment of the vehicle 402 . Simi - 20 dinates measured by the first GNSS sensor 512 ( A ) , the 
larly , the second IMU 418 may be configured to send the roll second GNSS sensor 512 ( B ) , and the third GNSS sensor 
angle of the vehicle body 406 to the position recognizing 512 ( C ) to determine the global positon of the vehicle body 
system . The position recognizing system may also receive 506 , in addition to the vehicle body pitch , roll , and yaw 
global position data representative of the first GNSS sensor angles of the vehicle body 506 . Thus , in the illustrated 
412 ( A ) and the second GNSS sensor 412 ( B ) and calculate 25 example , the IMU sensor on the vehicle body may be 
the pitch and yaw angles of the vehicle body 406 as well as foregone and the pitch , roll , and yaw angles of the vehicle 
the vehicle body POI global position using a location of the body 506 may be determined as a more accurate measure 
global position of a GNSS reference point ( for instance , a ment . For example , over time , IMU sensors , such as mag 
position of the GNSS sensor 412 ( A ) , the second GNSS netometers , may drift out of calibration which results in 
sensor 412 ( B ) , or a location between the two GNSS sensors 30 lower quality measurements and affects the overall precision 
412 ( A ) and ( B ) ) , the rotational angels of the vehicle body with which the implement 504 may be controlled . Thus , by 
306 , the known or fixed geometric offset ( measured in the utilizing three GNSS sensors 512 ( A ) , 512 ( B ) , and 512 ( C ) 
( X , Y , Z ) dimensions ) between the GNSS reference point and by utilizing a single IMU , the sensor system 500 may no 
and the vehicle body POI . longer need to be calibrated or updated on a regular basis , 

FIG . 5 is another orthogonal view of a sensor package 35 thereby reducing overall cost of operating a vehicle utilizing 
system 500 mounted on a vehicle 502 including an imple - the system 500 . 
ment 504 according to some implementations . In this However , the sensor package system 500 installed or 
example , the vehicle 502 does not include pitch cylinders for mounted on the vehicle 502 may still include an IMU 516 
controlling the pitch of the implement 504 independent of disposed on the implement 504 . As described above , the 
the pitch of the lift frame 508 . As in the examples above , the 40 IMU 516 may include one or more accelerometers , one or 
vehicle 502 is a bulldozer , but it should be understood that more gyroscopes , one or more magnetometers , and / or one or 
the sensor package system 500 may be applied to any more pressure sensors , among others sensors . In one par 
vehicle including an implement 504 . ticular example , the IMU 516 may include three accelerom 

The vehicle 502 includes the vehicle body 506 and the eters placed orthogonal to each other , three rate gyroscopes 
implement 504 . The implement 504 is attached or connected 45 placed orthogonal to each other , three magnetometers placed 
to the vehicle body 506 via a lift frame ( not shown ) . The orthogonal to each other , and a barometric pressure sensor . 
implement 504 is , generally , disposed forwards of the The placement of the IMU 516 on the implement 504 allows 
vehicle body 506 and supported by the lift frame . The the IMU 516 to collect data related to the motion and angles 
implement 504 includes a cutting edge 510 which contacts ( pitch , roll , and yaw ) of the implement 504 . The IMU 516 
the ground during operations of the vehicle 502 including 50 may be associated with an implement angle obtaining part 
sloping , digging , leveling , grading , etc . The implement 504 ( not shown ) that may assist in calculating the pitch , roll and 
is configured to be lifted up and down in conjunction with y aw angle of the implement 504 . 
the motion of the lift frame . The first IMU 516 and / or the implement angle obtaining 

The sensor package system 500 installed or mounted on part may be configured to send the pitch , roll , and yaw of the 
the vehicle 502 may include a first GNSS sensor 512 ( A ) , a 55 implement 504 to a position recognizing system ( not shown ) 
second GNSS sensor 512 ( B ) , and a third GNSS sensor mounted within an engine compartment , vehicle case , or cab 
512 ( C ) . The first GNSS sensor 512 ( A ) , the second GNSS compartment of the vehicle 502 . The position recognizing 
sensor 512 ( B ) , and the third GNSS sensor 512 ( C ) may be system may also receive global position data representative 
disposed on the top of the vehicle body 506 . In the illustrated of the first GNSS sensor 512 ( A ) , the second GNSS sensor 
example , the first GNSS sensor 512 ( A ) , the second GNSS 60 512 ( B ) , and the third GNSS sensor 512 ( C ) and calculate the 
sensor 512 ( B ) , and the third GNSS sensor 512 ( C ) are pitch , roll , and yaw angles of the vehicle body 506 as well 
disposed on top of a cab 514 associated with the vehicle as the vehicle body POI global position using the global 
body 506 . Each of the first GNSS sensor 512 ( A ) , the second position of a GNSS reference point ( such as a position of one 
GNSS sensor 512 ( B ) , and the third GNSS sensor 512 ( C ) of the GNSS sensor 512 ( A ) - ( C ) ) , the rotational angles of the 
may include one or more antennas for receiving satellite 65 vehicle body 506 , and the geometric offsets between the 
signals and one or more registered or other components for GNSS reference point and the vehicle body POI global 
decoding the satellite signal and determining a global posi - position . 
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FIG . 6 is a side view of a sensor package system 600 IMU 618 . The global position of the vehicle body 606 is also 
mounted on a vehicle 602 including an implement 604 known via the GNSS sensor 612 . Since the implement 604 
according to some implementations . In the illustrated may pitch independent of the lift frame 608 , a difference 
example , the vehicle 602 includes the vehicle body 606 and between the pitch angle of the implement 604 and the pitch 
the implement 604 . The implement 604 is attached or 5 of the vehicle body 606 may vary during use . Thus , the 
connected to the vehicle body 606 via an implement support system 600 includes a third IMU sensor 628 positioned or 
system . The implement 604 is , generally , disposed forwards mounted on the lift frame 608 to assist in determining the 
of the vehicle body 606 and supported by the implement pitch angle of the of the lift frame 608 . In some cases , the 
support system . The implement 604 includes a cutting edge third IMU 628 may be a gyroscope . In other cases , the third 
610 which contacts the ground during operations of the 10 IMU 628 may include additional gyroscopes , accelerom 
vehicle 602 including sloping , digging , leveling , grading , eters , magnetometers , and / or pressure sensors to determine 
etc . data associated with the yaw and roll angles of the lift frame 

Unlike , the examples of FIGS . 1 - 5 , in the current imple - 608 independent of the vehicle body roll and yaw angles . 
mentation , the implement support system includes pitch and Thus , a position recognizing system may be configured to 
tilt cylinders 624 for controlling the tilt and pitch of the 15 calculate a global position of a vehicle body POI not 
implement 604 in addition to lift cylinders 626 for control - shown ) and ultimately a implement POI ( not shown ) based 
ling lower and extending the implement 604 . Thus , in this on pitch , roll , and yaw of the implement 604 , the pitch , roll , 
illustrated example , the implement 604 may pitch indepen and yaw of the vehicle body 606 , the pitch , roll , and yaw of 
dent of a lift frame 608 . the lift frame 608 , the global position of the GNSS sensor 

Similar to the system 100 of FIG . 1 , the sensor package 20 612 , and various geometric relations or offsets associated 
system 600 installed or mounted on the vehicle 602 may with the vehicle body 606 , the lift frame 608 , and implement 
include a GNSS sensor 612 . The GNSS sensor 612 may be 604 , described in more detail below with respect to FIG . 8 . 
disposed on the top of the vehicle body 606 ( for example , on In the current example a GNSS sensor 612 , a first IMU 
top of a cab 614 associated with the vehicle body 606 ) . The sensor 616 on the vehicle body 606 , and a second IMU 618 
GNSS sensor 612 may include one or more antennas for 25 sensor on the implement 604 in addition to the third IMU 
receiving satellite signals and one or more receivers or other sensor 628 on the lift frame 608 . However , in other 
components for decoding the satellite signal and determin - examples , the third IMU sensor 628 may be utilized in 
ing a global position of the GNSS sensor 612 . In some cases , combination with the systems 100 - 500 described above with 
the satellite signals received by the GNSS sensor 612 may respect to FIGS . 1 - 5 . Thus , in another example in which the 
be in various formats or standards , such as GPS , GLONASS , 30 implement 604 may pitch independent of the lift frame 608 , 
Galileo , BeiDou as well as other satellite navigation stan - the system may include one or more GNSS sensors , an IMU 
dards . The GNSS sensor 612 may have different arrange sensor on the vehicle body , an IMU sensor on the imple 
ments on top of the vehicle body 606 . For instance , the ment , and an IMU sensor on the lift frame . 
GNSS sensor 612 may be disposed on the center of the FIG . 7 illustrates yet another sensor package system 700 
vehicle body 606 . 35 mounted on a vehicle 702 including an implement 704 in 

The sensor package system 600 installed or mounted on which the implement may pitch independent of the lift frame 
the vehicle 602 may also include a first IMU 616 disposed 708 . In this example , the implement 704 includes a cutting 
on the implement 604 . The first IMU 616 may include one edge 710 and is attached or connected to the vehicle body 
or more accelerometers , one or more gyroscopes , one or 706 via an implement support system . The implement sup 
more magnetometers , and / or one or more pressure sensors , 40 port system includes a lift frame 708 for raising and low 
among others sensors . In one particular example , the first ering the implement 704 , pitch and tilt cylinders 724 for 
IMU 616 may include three accelerometers placed orthogo controlling the pitch and tilt of the implement 704 , and lift 
nal to each other , three rate gyroscopes placed orthogonal to cylinders 726 for extending implement 704 . Thus , similar to 
each other , three magnetometers placed orthogonal to each the example system 600 above , the implement 704 may 
other , and a barometric pressure sensor . The placement of 45 pitch independent of the lift frame 708 . 
the first IMU 616 on the implement 604 allows the first IMU In the illustrated example , the sensor package system 700 
616 to collect data related to the motion and angles of the installed or mounted on the vehicle 702 may include a first 
implement 604 . GNSS sensor 712 ( A ) , a second GNSS sensor 712 ( B ) , and a 

The sensor package system 600 installed or mounted on third GNSS sensor 712 ( C ) . The first GNSS sensor 712 ( A ) , 
the vehicle 602 may also include a second IMU 618 dis - 50 the second GNSS sensor 712 ( B ) , and the third GNSS sensor 
posed on the vehicle body 606 . The second IMU 618 may be 712 ( C ) may be disposed on the top of a cab 714 associated 
mounted on the vehicle body 602 to determine the pitch , roll , with the vehicle body 706 . In the current example , the first 
and yaw angles of the vehicle body 602 independent of the GNSS sensor 712 ( A ) and the second GNSS sensor 712 ( B ) 
implement 604 pitch , roll , and yaw angles . In some cases , are aligned along a latitudinal axis of the vehicle body 706 
the second IMU 618 may also include one or more accel - 55 and the third GNSS sensor 712 ( C ) is aligned along a 
erometers , one or more gyroscopes , one or more magne longitudinal axis of the vehicle body 706 to provide posi 
tometers , and / or one or more pressure sensors , among others tioning data and in some cases , the roll angle , yaw angle , 
sensors . The placement of the second IMU 618 on the and / or pitch angle of the vehicle body 706 . A known or fixed 
vehicle body 606 allows the second IMU 618 to collect data distance between the first GNSS sensor 712 ( A ) and the 
related to the motion and angles ( pitch , roll , and yaw ) of the 60 second GNSS sensor 712 ( B ) , the first GNSS sensor 712 ( A ) 
vehicle body 606 . The second IMU 618 may be associated and the third GNSS sensor 712 ( C ) , and the second GNSS 
with a vehicle body angle part to assist in calculating the sensor 712 ( B ) and the third GNSS sensor 712 ( C ) may be 
pitch , roll , and yaw angle measurements of the vehicle body measured during installation . 
606 . By utilizing three GNSS sensors 712 ( A ) , 712 ( B ) , and 

In this example , the pitch , roll , and yaw of the implement 65 712 ( C ) with known or fixed distances between them , the 
604 is known via the first IMU 616 . Similarly , the pitch , roll , system 700 may differentiate the three global position coor 
and yaw of the vehicle body 606 is known via the second dinates measured by the first GNSS sensor 712 ( A ) , the 
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second GNSS sensor 712 ( B ) , and the third GNSS sensor To determine ENU coordinates and angles of the vehicle 
712 ( C ) to determine the pitch , roll , and yaw angles of the body POI 830 , a position recognizing system ( not shown ) 
vehicle body 706 . Thus , in the illustrated example , the may receive vehicle body rotational angles ( pitch , roll , and 
second IMU sensor 618 of FIG . 6 on the vehicle body 706 yaw ) of the vehicle body 806 and the LLA coordinates of the 
may be foregone and the pitch , roll , and yaw angles of the 5 GNSS reference point 832 . For instance , as described above , 
vehicle body 706 may be determined more accurately . For the vehicle body rotational angles may be received from one 
example , over time IMU sensors , such as magnetometers , or more IMUs on the vehicle body 806 , a combination of 
may drift out of calibration which results in lower quality IMUS and GNSS sensors on the vehicle body , or from 
and affects the overall precision with which the implement multiple GNSS sensors . Likewise , as described above , the 
704 may be controlled . Thus , by utilizing three GNSS 10 LLA coordinates of the GNSS reference point 832 may be 

received from one or more GNSS sensors . For example , the sensors 712 ( A ) , 712 ( B ) , and 712 ( C ) the sensor system 700 GNSS reference point 832 may be a center of one of the may no longer need to be calibrated or updated on a regular GNSS sensors or a point between the GNSS sensors . basis , thereby reducing an overall cost of operating a vehicle Once the vehicle body rotational angles ( pitch , roll , and utilizing the system 700 . 15 yaw ) and the LLA coordinates of the GNSS reference point 
Unlike the second IMU sensor 618 of FIG . 6 , the sensor 832 are received at the position recognizing system , the 

package system 700 installed or mounted on the vehicle 702 position recognizing system may assign the vehicle body 
does include a first IMU 716 disposed on the implement 704 . rotational angles as the rotational angles of the vehicle body 
The first IMU 716 may include one or more accelerometers , POI as the vehicle body POI and the IMU sensors may be 
one or more gyroscopes , one or more magnetometers , and / or 20 mounted within the same frame ( e . g . , the location of the 
one or more pressure sensors , among others sensors . The IMU rotates with respect to pitch , roll , and yaw together 
placement of the first IMU 716 on the implement 704 allows with the location of the vehicle body POI ) . The position 
the first IMU 716 to collect data related to the motion and recognizing system may also convert the LLA coordinates of 
angles of the implement 704 . the GNSS reference point 832 to ENU coordinates of the 

In this example , the pitch , roll , and yaw of the implement 25 GNSS reference point 832 . The position recognizing system 
704 is known via the first IMU 716 and / or the blade angle may apply a first coordinate inference model using the ENU 
obtaining part . Similarly , the pitch , roll , and yaw of the coordinates of the GNSS reference point 832 and a first 
vehicle body 706 may be calculated using the data received known geometric offset 834 ( e . g . , one or more first distances 
by the three GNSS sensors 712 ( A ) , 712 ( B ) , and 712 ( C ) and measured during installation ) to calculate the ENU coordi 
the position of the vehicle body may be determined using 30 nates of the vehicle body POI 830 . In some cases , the 
one or more of the GNSS sensors 712 ( A ) - ( C ) . Since the geometric offset may be measured in a three dimensional 
implement 704 may pitch independent of the lift frame 708 , space ( e . g . , in an X , Y , Z coordinate system ) . 
a difference between the pitch angle of the implement 704 In some cases , the geometric offsets may be calculated in 
and the pitch of the lift frame 708 may vary during use . three dimensional space . For instance , in the current 
Thus , the system 700 includes a second IMU sensor 728 35 example , the GNSS reference point 832 and the vehicle 
positioned or mounted on the lift frame 708 to assist in body POI 830 are within the same plane ( e . g . , along the 
determining the pitch angle of the of the lift frame 708 . The vehicle center line ) . However , in other examples , the GNSS 
position of the implement POI may be determined using the reference point 832 and / or the vehicle body POI 830 may be 
rotational angles of the lift frame 708 , the rotational angles offset from the center line . Thus , the geometric offsets may 
of the implement 704 , the rotational angles of the vehicle 40 be represented using X , Y , and Z dimensions , as illustrated . 
body , and the position of one or more reference points on the Additionally , the ENU coordinates of the implement POI 
vehicle body 706 and / or the lift frame 708 , and known 836 and the rotational angels ( pitch , roll , and yaw ) of the 
geometric offsets between the reference points and the implement POI 836 are determined based on the data 
implement POI . collected by at least one of the sensor systems 100 - 700 of 

FIG . 8 is an orthogonal view of a vehicle 802 to illustrate 45 FIGS . 1 - 7 ( not shown ) installed on the vehicle 802 to 
vehicle body reference points that may be utilized for accurately control the vehicle 802 and the implement 804 
calculating the points of interest and angles , position , and during operations such as sloping , digging , leveling , grad 
slopes for controlling the vehicle 802 during operation ing , etc . To determine an ENU coordinates and angles of the 
according to some implementations . In some cases , to implement POI , a position recognizing system may assign 
accurately control the vehicle 802 and a implement 804 50 the pitch , roll , and yaw angles determined via the IMU 
during operations such as sloping , digging , leveling , grad sensor ( not shown ) located on the implement 804 as 
ing , etc . , an east , north , up ( ENU ) coordinates of the vehicle described above with respect to FIGS . 1 - 7 . The position 
body POI 830 ( or a gradational center of the vehicle body recognizing system may also determine the ENU coordi 
and the rotational angels ( pitch , roll , and yaw ) of the vehicle nates of the implement POI 836 using various reference 
body POI 830 are determined based on the data collected by 55 points associated with the vehicle 802 . 
at least one of the sensor systems 100 - 700 of FIGS . 1 - 7 ( not For example , the position recognizing system may first 
shown ) installed on the vehicle 802 . determine the ENU coordinates of a lift frame origin point 

Unlike the global longitude , latitude , and altitude ( LLA ) ( LFOP ) 838 associated with the lift frame 808 . As illus 
coordinates received and determined by the GNSS sensors , trated , the LFOP 838 may be located at a central position 
the ENU coordinates are local coordinates that may be 60 between the two location at which the lift frame 808 attaches 
utilized to control the operations of the vehicle 802 . For to the vehicle body 806 . The position recognizing system 
example , the ENU frame may be used as a position reference may determine the ENU coordinates of the LFOP 838 by 
in an X - Y plane that is tangential to ellipsoid surface of the applying a second coordinate inference model to the ENU 
Earth as determined by the World Geodetic System 1984 coordinates of the GNSS reference point 832 , and a second 
( WGS - 84 ) . The conversion from LLA coordinates to ENU 65 known geometric offset 840 ( e . g . , one or more second 
coordinates is described in more detail below with respect to distances measured during installation ) . The position recog 
FIG . 10 . nizing system may assign the vehicle body rotational angles 
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to the LFOP 838 as the LFOP 838 and the vehicle body 806 FIGS . 9 - 12 are flow diagrams illustrating example pro 
are not configured to rotate in any dimension independently cesses associated with determining an elevation and slope 
of each other . In some cases , the first and second coordinate angles for an implement of a vehicle or machine according 
inference models may be different and in some cases , the to some implementations . The processes are illustrated as a 
first and second coordinate inference models may be the 5 collection of blocks in a logical flow diagram , which rep 
same model . resent a sequence of operations , some or all of which can be 

The position recognizing system may next determine the implemented in hardware , software or a combination 
ENU coordinates and angels of an implement origin point thereof . In the context of software , the blocks represent 
( TOP ) 842 associated with a location at which the imple - computer - executable instructions stored on one or more 
ment 804 attaches to the lift frame 808 . The position 10 computer - readable media that , which when executed by one 
recognizing system may assign the rotational angles of the or more processors , perform the recited operations . Gener 
IOP 842 based on the angles determined using an IMU ally , computer - executable instructions include routines , pro 
associated with the lift frame 808 . In other examples , the grams , objects , components , encryption , deciphering , com 
rotational angles may be assigned using the data collected by pressing , recording , data structures and the like that perform 
an IMU mounted on the vehicle body and an IMU mounted 15 particular functions or implement particular abstract data 
on the implement , such as when the implement 804 does not types . 
pitch independently of the lift frame 808 . In another The order in which the operations are described should 
example , the roll and yaw angles may be assigned using the not be construed as a limitation . Any number of the 
vehicle body rotational angles and the pitch angle may be described blocks can be combined in any order and / or in 
obtained using a gyroscope mounted on the lift frame 808 . 20 parallel to implement the process , or alternative processes , 

The position recognizing system may also determine the and not all of the blocks need be executed . For discussion 
ENU coordinates of the IOP 842 by applying a third purposes , the processes herein are described with reference 
coordinate inference model to the ENU coordinates of the to the frameworks , architectures and environments 
LFOP 838 , the lift frame 808 rotational angles , and a third described in the examples herein , although the processes 
known geometric offset 844 ( e . g . , a third distance measured 25 may be implemented in a wide variety of other frameworks , 
during installation ) . In some cases , third coordinate infer - architectures or environments . 
ence model may differ from the first and / or second coordi - FIG . 9 is example flow diagram showing an illustrative 
nate inference models , while in other cases , the third coor - process 900 for converting longitude , latitude , altitude coor 
dinate inference model may be the same as the first and / or dinates into east , north , up coordinates according to some 
second coordinate inference models . 30 implementations . As discussed above , to accurately control 

The position recognizing system may next determine the a vehicle and an implement during operations such as 
ENU coordinates and angels of an implement POI 836 . The sloping , digging , leveling , grading , etc . , east , north , up 
position recognizing system may determine the ENU coor - ( ENU ) coordinates of the vehicle body POI and the imple 
dinates of the implement POI 836 by applying a fourth ment POI are utilized . For instance , the ENU frame may be 
coordinate inference model to the ENU coordinates of the 35 used as a position reference in an X - Y plane that is tangential 
IOP 842 , and a fourth known geometric offset 846 ( e . g . , one to a surface of the Earth . 
or more fourth distances measured during installation ) . The At 902 , the GNSS sensors or a position recognizing 
position recognizing system may also assign the implement system may receive LLA coordinates of a GNSS base 
rotation angles based on data measured by the IMU mounted station . For example , the LLA coordinates of the GNSS base 
on the implement as described with respect to FIGS . 1 - 7 . 40 station may be received via a wireless communication 

In some cases , a fourth coordinate inference model may interface . For instance , the GNSS base station LLA coordi 
differ from the first and / or second coordinate inference nates may be received via an RF , cellular , microwave , 
models , while in other cases , the third coordinate inference satellite , Bluetooth , and / or other type of wireless signal . 
model may be the same as the first and / or second coordinate At 904 , each of the GNSS sensors decodes a satellite 
inference models . The implement POI 836 is illustrated as a 45 signal ( or multiple satellite signals ) and determines based on 
central position along the bottom of the implement 804 to the decoded signal the LLA coordinates of the GNSS sensor . 
reduce the number of calculations during application of the In one example , the GNSS sensors first enter an acquisition 
fourth coordinate inference model . However , the implement phase to sample and decode the satellite signal from each 
POI 836 may be positioned at any point along the bottom of visible GNSS satellite . The satellite signals include a time 
the implement 804 which contacts the ground , such as at 50 stamp and ephemeris data ( data related to the location and 
either bottom corner . trajectory of the transmitting satellite ) . Second , the GNSS 
Once the position recognizing system determines the sensors perform a series of calculations based on the time 

vehicle body POI 832 and the implement POI 836 using the stamp and ephemeris data to determine an initial LLA 
ENU coordinates , the position recognizing system may send coordinates . 
the ENU coordinates of the vehicle body POI 832 and the 55 At 906 , the GNSS sensors or a position recognizing 
ENU coordinates of the implement POI 836 to a remote system converts the LLA coordinates for each GNSS sensor 
system via a wireless communication channel , such that an to an Earth - Centered , Earth - Fixed ( ECEF ) coordinate sys 
administrator or system control may develop a navigational tem . The ECEF coordinate system is a geographic coordi 
path or route for the vehicle 802 over surveyed terrain using nate system that is based on a Cartesian system represented 
an administrator system or remote control device . In other 60 by positions on an X , Y , and Z axis . In the ECEF coordinate 
cases , the position recognizing system may alter a trajectory system the 0 , 0 , 0 position is defined as the center of mass 
or movement of the vehicle 802 based at least in part on the of the Earth . 
ENU coordinates of the vehicle body POI 832 , the ENU At 908 , the GNSS sensors or a position recognizing 
coordinates of the implement POI 836 , and a prepro - system converts the ECEF coordinates for each GNSS 
grammed navigation path or plan . In some instances , the 65 sensor to ENU coordinates . The ENU coordinates are based 
navigation path includes instructions for the movement of on an X - Y plane that is tangential to a surface of the Earth 
the vehicle 802 as well as the implement 804 . and is useful for remote control or programmed control / 
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movement of a vehicle on the surface of the Earth with dinates ) on the ground and may be used for real - time terrain 
reference to a fixed or known location ( such as the GNSS elevation survey and vehicle navigation precise control . 
base station ) . ALLA coordinate of a GNSS base station may FIG . 11 is an example flow diagram showing an illustra 
also be converted into ECEF coordinates and / or ENU coor - tive process 1100 for determining coordinates of an imple 
dinate and used by the position recognizing system or the 5 ment point of interest according to some implementations . 
GNS sensors together with an offset between a GNSS base For instance , in addition to the ENU coordinates and angels 
station and the vehicle to determine the ECU coordinates of of the vehicle body POI , the implement point of interest 
the vehicle . Thus , in some instances , the ENU coordinate should be determined to remotely control the vehicle during 
system may be utilized as a local reference frame in which various operations . 

10 At 1102 , a position recognizing system receives vehicle an origin point is located at the position of the base station . body rotation angles ( pitch , roll , and yaw ) of the vehicle FIG . 9 illustrates one process 900 for converting LLA body . For example , an IMU mounted on the body of the coordinates determined by one or more GNSS sensors to vehicle ( as described above with respect to FIGS . 1 and 2 ) ENU coordinates . FIG . 10 illustrates a process for convert may provide data usable by the position recognizing system 
ing the GNSS sensor ENU coordinates into ENU coordi 15 to determine the pitch , roll , and yaw angles associated with nates for a vehicle body POI which may be used to represent the vehicle body . In another example , an IMU mounted on 
the actual position of the vehicle in the ENU coordinate the body of the vehicle in conjunction with two or more 
system . GNSS sensors mounted on the body of the vehicle may 

FIG . 10 is example flow diagram showing an illustrative provide the data usable by the position recognizing system 
process 1000 for determining coordinates of a vehicle point 20 to determine the pitch , roll , and yaw angles . In yet another 
of interest according to some implementations . For instance , example , three or more GNSS sensors mounted on the body 
to accurately control a vehicle remotely to perform opera - of the vehicle may provide the data usable by the position 
tions such as grading , leveling , removing , sloping , and other recognizing system to determine the pitch , roll , and yaw 
operations associated with moving terrain , a vehicle body angles . 
point of interest and an implement point of interest are 25 At 1104 , the position recognizing system may receive 
tracked . ENU coordinates of a GNSS reference point . In some cases , 
At 1002 , a position recognizing system receives vehicle the position recognizing system may receive LLA coordi 

body rotation angles ( pitch , roll , and yaw ) of the vehicle nates associated with one or more GNSS sensors and 
body . For example , an IMU mounted on the body of the convert the LLA coordinates into ENU coordinates . The 
vehicle ( as described above with respect to FIGS . 1 and 2 ) 30 position recognizing system may also determine the ENU 
may provide data usable by the position recognizing system coordinates of a GNSS reference point based at least in part 
to determine the pitch , roll , and yaw angles associated with on the ENU coordinates of the GNSS sensors . For example , 
the vehicle body . In another example , an IMU mounted on the system may include a single GNSS sensor . In this 
the body of the vehicle in conjunction with two or more example , the LLA coordinates of the GNSS sensor may also 
GNSS sensors mounted on the body of the vehicle may 35 be the ENU coordinates of the GNSS reference point ( e . g . , 
provide the data usable by the position recognizing system the GNSS sensor is the reference point ) . In other examples , 
to determine the pitch , roll , and yaw angles . In yet another the GNSS reference point may be a location between the one 
example , three or more GNSS sensors mounted on the body or more GNSS sensors and may be determined based at least 
of the vehicle may provide the data usable by the position in part on the ENU coordinates of each of the GNSS sensors 
recognizing system to determine the pitch , roll , and yaw 40 and one or more known distances . 
angles . At 1106 , the position recognizing system determines ENU 

At 1004 , the position recognizing system may receive coordinates of a LFOP based at least in part on the ENU 
ENU coordinates of a GNSS reference point . In some cases , coordinates of the GNSS reference point and at least one 
the position recognizing system may receive LLA coordi geometric offset between the lift frame origin point and the 
nates associated with one or more GNSS sensor and covert 45 GNSS reference point . For example , the LFOP may be 
the LLA coordinates into ENU coordinates . The position located at a central position between the two fixed location 
recognizing system may also determine the ENU coordi - at which the lift frame attaches to the vehicle body . The 
nates of a GNSS reference point based at least in part on the position recognizing system may determine the ENU coor 
ENU coordinates of the GNSS sensors . For example , the dinates of the LFOP by applying a coordinate inference 
system may include a single GNSS sensor . In this example , 50 model to the ENU coordinates of the GNSS reference point 
the LLA coordinates of the GNSS sensor may also be the and known geometric offsets or a distance between the 
ENU coordinates of the GNSS reference point ( e . g . , the GNSS reference point and the LFOP . 
GNSS sensor is the reference point ) . In other examples , the At 1108 , the position recognizing system may receive 
GNSS reference point may be a location between the one or rotational angles of a lift frame supporting the implement . 
more GNSS sensors and may be determined based at least in 55 For example , a gyroscope mounted on the lift frame may 
part on the ENU coordinates of each of the GNSS sensors provide data usable by the position recognizing system for 
and one or more known distances . determining the pitch angle of the lift frame . In another 
At 1006 , the position recognizing system determines example , an IMU may be mounted on the lift frame in lieu 

ENU coordinates and rotational angles of a vehicle body of the gyroscope to provide all three rotational angles of the 
POI based at least in part on the vehicle body rotational 60 lift frame ( e . g . , the pitch , roll , and yaw angles ) . 
angles , the ENU coordinates of the GNSS reference point , At 1110 , the position recognizing system determines ENU 
and a geometric offset between the vehicle body POI and the coordinates of an TOP based at least in part on the ENU 
GNSS reference point , as described above . For example , the coordinates of the LFOP , at least one geometric offset 
vehicle body POI may be a projection point of the vehicle between the LFOP and the IOP , and the pitch , roll , and yaw 
gravitational center along the vehicle ' s bottom plane . Thus , 65 angles of the lift frame . For example , the IOP may be at a 
the elevation and angles of vehicle body POI may be an location that the implement attaches to the lift frame . The 
accurate reflection of the vehicle ' s position ( or ENU coor position recognizing system may determine the ENU coor 
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dinates of the IOP by applying a coordinate inference model At 1214 , the position recognizing system may rotate the 
the ENU coordinates of the LFOP , a geometric offset frame by the pitch angle ( 0 . ) . And at 1216 , the position 
between the LFOP and the BIOP , and the pitch , roll , and yaw recognizing system determines a third geometric offset 
angles . represented by ( Xap , Yap , Zap ) may be determined based at 

At 1112 , the position recognizing system may receive 5 least in part on the second geometric offset . 
rotation angles ( pitch , roll , and yaw ) of the implement . For At 1218 , the position recognizing system may determine 
example , an IMU may be mounted on the implement to the ENU coordinates of the target point represented by ( X , 
obtain data usable by the position recognizing system for Y , Z , ) using the reference point position ( X , Y , Zn ) , and the 
determining the rotation angles of the implement . third geometric offset determined above . 

At 1114 , the position recognizing system determines ENU 10 FIG . 13 illustrates example components of one or more 
coordinates of implement POI based at least in part on the servers associated with the position recognizing system 
ENU coordinates of the IOP and at least one geometric offset 1300 according to some implementations . The position 
between the implement POI and the IOP . The implement recognizing system 1300 may include processing resources , 
POI may be a central position along the bottom of the as represented by processors 1302 , and computer - readable 
implement , as described above with respect to FIG . 8 . 15 storage media 1304 . The computer - readable storage media 
Alternatively , the implement POI may be any position at any 1304 may include volatile and nonvolatile memory , remov 
point along the bottom of the implement , such as at either able and non - removable media implemented in any method 
bottom corner . or technology for storage of information , such as computer 

FIG . 12 is example flow diagram showing an illustrative readable instructions , data structures , program modules , or 
process 1200 for determining coordinates of a target point 20 other data . Such memory includes , but is not limited to , 
using coordinate of a reference point according to some RAM , ROM , EEPROM , flash memory or other memory 
implementations . As discussed above , the position recog - technology , CD - ROM , digital versatile disks ( DVD ) or other 
nizing system determines the coordinates of a reference optical storage , magnetic cassettes , magnetic tape , magnetic 
point via one or more coordinate inference models to disk storage or other magnetic storage devices , RAID stor 
determine the ENU coordinates of the vehicle body POI and 25 age systems , or any other medium which can be used to store 
the ENU coordinates of the implement POI . In one particular the desired information and which can be accessed by a 
example , the position recognizing system may determine the computing device . 
coordinates of a target point using a second reference point . The position recognizing system 1300 may also include 
At 1202 , a position recognizing system receives rotation one or more communication interfaces 1306 , which may 

angles ( pitch , roll , and yaw ) associated with the reference 30 support both wired and wireless connection to various 
point . For example , an IMU , a combination of an IMU and networks , such as cellular networks , radio ( e . g . , radio 
two or more GNSS sensors , or three or more GNSS sensors frequency identification RFID ) , WiFi networks , short - range 
may provide data usable by the position recognizing system or near - field networks ( e . g . , Bluetooth® ) , infrared signals , 
to determine the pitch , roll , and yaw angles . In yet another local area networks , wide area networks , the Internet , and so 
example , the rotational angles may have been determined , 35 forth . For example , the communication interfaces 1306 may 
identified , or assigned during a previous conversion from allow the position recognizing system 1300 to receive data 
another reference point to the current reference point . In one associated with rotation angles from various IMUS mounted 
particular example , the pitch , roll and yaw angles of the on the vehicle , data associated with a satellite system from 
current frame ( such as the vehicle body , lift frame , or various GNSS sensors mounted on the vehicle or from a 
implement ) may be represented by ( 0 , 0 , 0 , ) . 40 base station , or commands for controlling the vehicle from 
At 1204 , the position recognizing system may receive a control unit or remote control system . The communication 

ENU coordinates of the reference point . In some cases , the interfaces 1306 may also allow the position recognizing 
position recognizing system may receive LLA coordinates system 1300 to send data associated with the vehicle body 
associated with one or more GNSS sensors and covert the POI and the implement POI to the control unit or remote 
LLA coordinates into ENU coordinates . The position rec - 45 control system . 
ognizing system may also determine the ENU coordinates of Several modules such as instruction , data stores , and so 
a GNSS reference point based at least in part on the ENU forth may be stored within the computer - readable media 
coordinates of the GNSS sensors or another reference point . 1304 and configured to execute on the processors 1302 . For 
For instance , in one particular example , the ENU coordinate example , a vehicle body angle obtaining module 1308 , an 
may be represented by ( X , Y , Zr ) . As discussed above , the 50 implement angle obtaining module 1310 , a coordinate con 
each geometric offset may include three offsets , one in each versation module 1312 , an angle determining module 1314 , 
of the X , Y , and Z directions . For instance , the original a target point coordinate determining module 1316 , as well 
geometric offsets between the first reference point and the as other modules 1318 . In some implementations , the com 
second reference point may be ( d , d , d . ) . puter - readable media 1304 may store data , such as measured 
At 1206 , the position recognizing system may rotate the 55 geometric offsets 1320 and calibration data 1322 useful for 

frame by the yaw angle ( 0 . ) . And at 1208 , the position determining if the system and vehicle are operating as 
recognizing system determines a first geometric offset . For expected as well as providing calibration , compensation and 
instance , an original or measured distance between the validation for sensor data processing . 
reference point and the target point may be represented by The vehicle body angle obtaining modules 1308 may be 
distances ( dm , d , , d . ) . In the current example , the first 60 configured to determine the rotational angles of the vehicle 
geometric offset represented by ( X Y , Z ) may be body from data received from one or more IMU sensors 
determined . mounted on the vehicle body and / or one or more GNSS 

At 1210 , the position recognizing system may rotate the sensors mounted on the vehicle body . Similarly , the imple 
frame by the roll angle ( 0 , ) . And at 1212 , the position ment angle obtaining module 1310 may be configured to 
recognizing system determines a second geometric offset 65 determine the rotational angles of the implement from data 
represented by ( X , Y , Zar ) based at least in part on first received from one or more IMU sensors mounted on the 
geometric offset . implement . The coordinate conversation module 1312 may 
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be configured to convert LLA coordinates identified by the wherein the position recognizing system determines the 
GNSS sensors into ENU coordinates for controlling the body point of interest based at least in part on the 
vehicle . The angle determining module 1314 may be con coordinate of the second global positioning sensor . 
figured to convert the data collected by the various IMU 6 . The system as recited in claim 1 , wherein the first 
and / or gyroscopes into the rotation angles of the various 5 reference point is associated with a lift frame . 
components of the vehicle ( such as the vehicle body , lift 7 . The system as recited in claim 1 , further comprising : 
frame , or the implement ) . The target point coordinate deter a third measurement unit mounted on a lift frame of the 
mining module 1316 may be configured to translate coor vehicle , the third measurement unit to collect fourth 
dinates of a reference point into coordinates of a target point data associated with a pitch angle , a roll angle , and a 
using the measured geometric offsets 1320 , as described 10 y aw angle associated with the lift frame ; and 
above . wherein the position recognizing system determines the 

Although the subject matter has been described in lan implement point of interest based at least in part on the 
guage specific to structural features , it is to be understood pitch angle , the roll angle , and the yaw angle associated 
that the subject matter defined in the appended claims is not with the lift frame . 
necessarily limited to the specific features described . Rather , 15 8 . The system as recited in claim 1 , wherein the position 
the specific features are disclosed as illustrative forms of recognizing system provides the coordinates of the body 
implementing the claims . point of interest and the coordinates of the implement point 
What is claimed is : of interest to a remote system via a wireless communication 
1 . A system for configuring a vehicle having an implement channel . 

for autonomous movement comprising : 20 9 . The system as recited in claim 1 , wherein the position 
a first measurement unit mounted on a body of the recognizing system alters a trajectory of the vehicle based at 

vehicle , the first measurement unit to collect first data least in part on the coordinates of the body point of interest 
associated with a movement and rotation of the body of and the coordinates of the implement point of interest . 
the vehicle ; 10 . An earthmoving vehicle comprising : 

a second measurement unit mounted on the implement of 25 a vehicle body ; 
the vehicle , the second measurement unit to collect an implement disposed forward of the vehicle body ; 
second data associated with a movement and a rotation an implement support including a lift frame ; 
of the implement of the vehicle ; a first measurement unit mounted on the vehicle body , the 

a first global positioning sensor mounted on the body of first measurement unit to collect data associated with a 
the vehicle , the first global positioning sensor to decode 30 movement and rotation of the vehicle body ; 
third data associated with a coordinate of the first a second measurement unit mounted on the implement of 
global positioning sensor from a satellite signal ; and the vehicle , the second measurement unit to collect data 

a position recognizing system , including at least one associated with movement and a rotation of the imple 
processor to perform operations including to : ment ; 
determine a pitch angle , a roll angle , and a yaw angle 35 a first global positioning sensor mounted on the vehicle 

associated with a body point of interest based at least body , the first global positioning sensor to decode third 
in part on the first data ; data associated with a first set of coordinate associated 

determine a coordinate associated with the body point with the first global positioning sensor from a satellite 
of interest based at least in part on the third data signal ; and 
associated with the coordinate of the first global 40 a position recognizing system mounted on the vehicle 
positioning sensor and a first geometric offset body , the position recognizing system including at least 
between the first global positioning sensor and the one processor to perform operations to : 
body point of interest ; and determine a pitch angle , a roll angle , and a yaw angle 

determine a pitch angle , a roll angle , and a yaw angle associated with a body point of interest based at least 
associated with an implement point of interest based 45 in part on the first data ; 
at least in part on the second data ; determine a coordinate associated with the body point 

determine a coordinate associated with the implement of interest based at least in part on the third data 
point of interest based at least in part on the third data associated with the coordinate of the first global 
associated with the coordinate of the first global positioning sensor and a first geometric offset 
positioning sensor , a second geometric offset 50 between the first global positioning sensor and the 
between the first global positioning sensor and a first body point of interest ; and 
reference point , and a third geometric offset between determine a pitch angle , a roll angle , and a yaw angle 
the first reference point and the implement point of associated with an implement point of interest based 
interest . at least in part on the second data ; 

2 . The system as recited in claim 1 , wherein the first 55 determine a coordinate associated with the implement 
measurement unit includes a gyroscope . point of interest based at least in part on the third data 

3 . The system as recited in claim 1 , wherein the body associated with the coordinate of the first global 
point of interest is a gravitational center of the vehicle along positioning sensor , a second geometric offset 
a bottom plane of the vehicle . between the first global positioning sensor and a first 

4 . The system as recited in claim 1 , wherein the position 60 reference point , and a third geometric offset between 
recognizing system is remote from the vehicle . the first reference point and the implement point of 

5 . The system as recited in claim 1 , further comprising : interest . 
a second global positioning sensor mounted on the body 11 . The earthmoving vehicle as recited in claim 10 , 

of the vehicle , the second global positioning sensor to wherein the implement is at least one of : 
decode fourth data associated with a coordinate of the 65 a blade ; 
second global positioning sensor from the satellite a bucket ; or 
signal ; and a shovel . 
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12 . The earthmoving vehicle as recited in claim 10 , 16 . The vehicle as recited in claim 10 , further comprising : 
wherein : a second global positioning sensor mounted on the vehicle 

implement point of interest is along the bottom of the body , the second global positioning sensor to decode 
implement . data associated with a third set of coordinates associ 

13 . The earthmoving vehicle as recited in claim 10 , 5 ated with the second global positioning sensor from a 
satellite signal ; and wherein : wherein the position recognizing system determines the the vehicle body includes a bottom plane and the body coordinate associated with the implement point of 

point of interest is located at a gravitational center of interest based at least in part third set of coordinates . 
the bottom plane . 17 . An method comprising : 

14 . The earthmoving vehicle as recited in claim 10 , receiving first data from a first measurement unit mounted 
further comprising on a body of the vehicle , the first data associated with 

a third measurement unit mounted on the lift frame , the a movement and a rotation of the body of the vehicle ; 
third measurement unit to collect data associated with receiving second data from a second measurement unit 
rotational angles of the lift frame ; mounted on an implement of a vehicle , the second data 

associated with a movement and rotations of the imple wherein the lift frame includes a first point of attachment ment ; to the vehicle body and a second point of attachment to receiving first global positioning sensor data from a first 
the vehicle body , the lift frame having a lift frame global positioning sensor mounted on the vehicle body , 
origin point positioned between the first point of attach the first global positioning sensor to decode third data 
ment and the second point of attachment ; and 20 associated with a first set of coordinates associated with 

wherein the position recognizing system : the first global positioning sensor from a satellite 
determines coordinates associated with the lift frame signal ; 

origin point based at least in part on a first geometric determining a pitch angle , a roll angle , and a yaw angle 
offset between the first global positioning sensor and associated with a body point of interest based at least in 
the lift frame origin point . part on the first data ; 25 

15 . The earthmoving vehicle as recited in claim 10 , determining a coordinate associated with the body point 
of interest based at least in part on the third data further comprising : associated with the coordinate of the first global posi 

a third measurement unit mounted on the lift frame , the tioning sensor and a first geometric offset between the 
third measurement unit to collect data associated with first global positioning sensor and the body point of 
a pitch angle , a roll angle , and a yaw angle associated 30 interest ; and 
with the lift frame ; determining a pitch angle , a roll angle , and a yaw angle 

wherein the lift frame includes a first point of attachment associated with an implement point of interest based at 
to the vehicle body and a second point of attachment to least in part on the second data ; 
the vehicle body , the lift frame having a lift frame 25 determining a coordinate associated with the implement 
origin point positioned between the first point of attach point of interest based at least in part on the third data 

associated with the coordinate of the first global posi ment and the second point of attachment , and the lift 
frame attaches to the implement at a third point of tioning sensor , a second geometric offset between the 
attachment ; first global positioning sensor and a first reference 

point , and a third geometric offset between the first and 
wherein an implement origin point is located at the third reference point and the implement point of interest . 

18 . The method as recited in claim 17 , further comprising point of attachment ; and 
wherein the position recognizing system : receiving fourth data from a third measurement unit 

mounted on the lift frame , the fourth data associated determines coordinates associated with the lift frame with the pitch angle , the roll angle , and the yaw angle origin point based at least in part on the a first 15 
geometric offset between the first global positioning associated with the lift frame . 
sensor and the lift frame origin point ; and 19 . The method as recited in claim 17 , wherein the first 

determines coordinates associated with the implement reference point is associated with a lift frame . 
origin point based at least in part on the pitch angle , 20 . The method as recited in claim 17 , wherein : the body 
the roll angle , and the yaw angle associated with the 50 point of interest is a gravitational center of the vehicle along 
lift frame , the coordinates associated with the lift 50 a bottom plane of the vehicle 
frame origin point , and a third known geometric body point of interest is located at a gravitational center 
offset between the lift frame origin point and the of a bottom plane of the vehicle . 
implement origin point . * * * 
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