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A handheld GNSS device for determining position data for a 
point of interest is provided. The device includes a housing, 
handgrips integral to the housing for enabling a user to hold 
the device, and a display screen integral With the housing for 
displaying image data and orientation data to assist a user in 
positioning the device. The device further includes a GNSS 
antenna and at least one communication antenna, both inte 
gral With the housing. The GNSS antenna receives position 
data from a plurality of satellites. One or more communica 
tion antennas receive positioning assistance data related to the 
position data from a base station. The GNSS antenna has a 
?rst antenna pattern, and the at least one communication 
antenna has a second antenna pattern. The GNSS antenna and 
the communication antenna(s) are con?gured such that the 
?rst and second antenna patterns are substantially separated. 
Coupled to the GNSS antenna, Within the housing, is at least 
one receiver. Further, the device includes, Within the housing, 
orientation circuitry for generating orientation data of the 
housing based upon a position of the housing related to the 
horizon, imaging circuitry for obtaining image data concem 
ing the point of interest for display on the display screen, and 
positioning circuitry, coupled to the at least one receiver, the 
imaging circuitry, and the orientation circuitry, for determin 
ing a position for the point of interest based on at least the 
position data, the positioning assistance data, the orientation 
data, and the image data. 
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HANDHELD GLOBAL POSITIONING 
SYSTEM DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a portable Global 
Navigation Satellite System (GNSS), including Global Posi 
tioning System (GPS), GLONASS, Galileo, and other satel 
lite navigation and positioning systems. 

BACKGROUND OF THE INVENTION 

[0002] Today, the number of applications utilizing GNSS 
information is rapidly increasing. For example, GNSS infor 
mation is a valuable tool for geodesists. Geodesists com 
monly use GNSS devices to determine the location of a point 
of interest anywhere on, or in the vicinity of, the Earth. Often, 
these points of interest are located at remote destinations 
which are dif?cult to access. Thus, compact, easy-to-carry 
positioning devices are desired. 
[0003] GNSS receivers work by receiving data from GNSS 
satellites. To achieve millimeter and centimeter level accu 
racy, at least two GNSS receivers are needed. One receiver is 
positioned at a site where the position is known. A second 
receiver is positioned at a site whose position needs to be 
determined. The measurement from the ?rst receiver is used 
to correct GNSS system errors at the second receiver. In 
post-processed mode, the data from both receivers can be 
stored and then transferred to a computer for processing. 
Alternatively, the corrections from the ?rst receiver, the 
known receiver, may be transmitted in real time (via radio 
modems, Global System for Mobile Communications 
(GSM), etc.) to the unknown receiver, and the accurate posi 
tion of the unknown receiver determined in real time. 
[0004] A GNSS receiver typically includes a GNSS 
antenna, a signal processing section, a display and control 
section, a data communications section (for real-time pro 
cessing), a battery, and a charger. Some degree of integration 
of these sections is usually desired for a handheld portable 
unit. 
[0005] Another challenge of portable GNSS units is pre 
cisely positioning a GNSS antenna on the point of interest for 
location measurement. Previously, bulky equipment such as a 
separate tripod or other external hardware was used to “level” 
the antenna. In other systems, light low-precision antennas 
were used. Such devices are bulky and dif?cult to carry. Thus, 
even as portable GNSS positioning devices become more 
compact, they suffer from the drawback of requiring addi 
tional bulky positioning equipment. 
[0006] Thus, for high-precision applications, the use of 
multiple units to house the various components required for 
prior GNSS systems, and the requirement for cables and 
connectors to couple the units, creates problems regarding 
portability, reliability, and durability. In addition, the systems 
are expensive to manufacture and assemble. 
[0007] Therefore, a high precision, portable, complete 
handheld GNSS device that overcomes these disadvantages 
of conventional devices is desired. 

BRIEF SUMMARY OF THE DISCLOSURE 

[0008] Embodiments of the present disclosure are directed 
to a handheld GNSS device for determining position data for 
a point of interest. The device includes a housing, handgrips 
integral to the housing for enabling a user to hold the device, 
and a display screen integral with the housing for displaying 
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image data and orientation data to assist a user in positioning 
the device. The device further includes a GNSS antenna and 
at least one communication antenna, both integral with the 
housing. The GNSS antenna receives position data from a 
plurality of satellites. One or more communication antennas 
receive positioning assistance data related to the position data 
from a base station. The GNSS antenna has a ?rst antenna 
pattern, and the at least one communication antenna has a 
second antenna pattern. The GNSS antenna and the commu 
nication antenna(s) are con?gured such that the ?rst and 
second antenna patterns are substantially separated. 
[0009] Coupled to the GNSS antenna, within the housing, 
is at least one receiver. Further, the device includes, within the 
housing, orientation circuitry for generating orientation data 
of the housing based upon a position of the housing related to 
the horiZon, imaging circuitry for obtaining image data con 
cerning the point of interest for display on the display screen, 
and positioning circuitry, coupled to the at least one receiver, 
the imaging circuitry, and the orientation circuitry, for deter 
mining a position for the point of interest based on at least the 
position data, the positioning assistance data, the orientation 
data, and the image data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a perspective view of a handheld 
GNSS device according to embodiments of the invention; 
[0011] FIG. 2 illustrates another perspective view of a 
handheld GNSS device according to embodiments of the 
invention; 
[0012] FIG. 3 illustrates a back view of a handheld GNSS 
device including a display screen for a user according to 
embodiments of the invention; 
[0013] FIG. 4 illustrates a bottom view of a handheld GNSS 
device according to embodiments of the invention; 
[0014] FIG. 5 illustrates a top view of a handheld GNSS 
device according to embodiments of the invention; 
[0015] FIG. 6 illustrates a side view of a handheld GNSS 
device including handgrips for a user according to embodi 
ments of the invention; 
[0016] FIG. 7 illustrates a front view of a handheld GNSS 
device including a view?nder for a camera according to 
embodiments of the invention; 
[0017] FIG. 8 illustrates an exploded view of a handheld 
GNSS device including a view?nder for a camera according 
to embodiments of the invention; 
[0018] FIG. 9A illustrates an exemplary view of the display 
screen of a handheld GNSS device including elements used 
for positioning the device; 
[0019] FIG. 9B illustrates another exemplary view of the 
display screen of a GNSS handheld device oriented horizon 
tally and above a point of interest; 
[0020] FIG. 10 illustrates a ?owchart of a method for mea 
suring position using a handheld GNSS device according to 
embodiments of the invention; 
[0021] FIG. 11 illustrates a logic diagram showing the rela 
tionships between the various components of a handheld 
GNSS device according to embodiments of the invention; and 
[0022] FIG. 12 illustrates a typical computing system that 
may be employed to implement some or all of the processing 
functionality in certain embodiments. 
[0023] In the following description, reference is made to 
the accompanying drawings which form a part thereof, and 
which illustrate several embodiments of the present inven 
tion. It is understood that other embodiments may be utiliZed 
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and structural and operational changes may be made Without 
departing from the scope of the present invention. The use of 
the same reference symbols in different drawings indicates 
similar or identical items. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The following description is presented to enable a 
person of ordinary skill in the art to make and use the various 
embodiments. Descriptions of speci?c devices, techniques, 
and applications are provided only as examples. Various 
modi?cations to the examples described herein Will be 
readily apparent to those of ordinary skill in the art, and the 
general principles de?ned herein may be applied to other 
examples and applications Without departing from the spirit 
and scope of the invention as claimed. Thus, the various 
embodiments are not intended to be limited to the examples 
described herein and shoWn, but are to be accorded the scope 
consistent With the claims. 
[0025] Embodiments of the invention relate to mounting a 
GNSS antenna and communication antennas in a single hous 
ing. The communication antennas are for receiving differen 
tial correction data from a ?xed or mobile base transceiver, as 
described in US. patent application Ser. No. 12/360,808, 
assigned to the assignee of the present invention, and incor 
porated herein by reference in its entirety for all purposes. 
Differential correction data may include, for example, the 
difference betWeen measured satellite pseudo-ranges and 
actual pseudo-ranges. This correction data received from a 
base station may help to eliminate errors in the GNSS data 
received from the satellites. Alternatively, or in addition, the 
communication antenna may receive raW range data from a 
moving base transceiver. RaW positioning data received by 
the communication antenna may be, for example, coordinates 
of the base and other raW data, such as the carrier phase of a 
satellite signal received at the base transceiver and the 
pseudo-range of the satellite to the base transceiver. 
[0026] Additionally, a second navigation antenna may be 
connected to the handheld GNSS device to function as the 
primary navigation antenna if the conditions and/ or orienta 
tion do not alloW the ?rst GNSS antenna to receive a strong 
GNSS signal. 
[0027] The communication antenna is con?gured such that 
its antenna pattern is substantially separated from the antenna 
pattern of the GNSS antenna such that there is minimal or 
nearly minimal mutual interference betWeen the antennas. As 
used herein, “substantial” separation may be achieved by 
positioning the communication antenna beloW the main 
ground plane of the GNSS antenna, as shoWn in FIG. 1. 
According to embodiments of the invention, a substantial 
separation attenuates interference betWeen the communica 
tion antenna and the GNSS antenna by as much as 40 dB. 
Furthermore, the communication antenna and the GNSS 
antenna are positioned such that the body of the user holding 
the GNSS device does not substantially interfere With the 
GNSS signal. 
[0028] Moreover, as mentioned above, to properly measure 
the position of a given point using a GNSS-based device, the 
GNSS antenna must be precisely positioned so that the posi 
tion of the point of interest may be accurately determined. To 
position a GNSS device in such a manner, extemal hardWare, 
such as a tripod, is commonly used. Such hardWare is bulky 
and di?icult to carry. Thus, according to embodiments of the 
invention, compact positioning tools, included in the single 
unit housing, are useful for a portable handheld GNSS device. 
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[0029] As such, various embodiments are described beloW 
relating to a handheld GNSS device. The handheld GNSS 
device may include various sensors, such as a camera, dis 
tance sensor, and horizon sensors.A display element may also 
be included for assisting a user to position the device Without 
the aid of external positioning equipment (e.g., a tripod or 
pole). 
[0030] FIG. 1 illustrates an exemplary handheld GNSS 
device 100. Handheld GNSS device 100 utiliZes a single 
housing 102. Several GNSS elements are integral to the hous 
ing 102 in that they are Within the housing or securely 
mounted thereto. A securely mounted element may be remov 
able. Housing 102 alloWs the user to hold the handheld GNSS 
device 100 similar to the Way one Would hold a typical cam 
era. In one example, the housing 102 may include GNSS 
antenna cover 104 to cover a GNSS antenna 802 (shoWn in 
FIG. 8) Which may receive signals transmitted by a plurality 
of GNSS satellites and used by handheld GNSS device 100 to 
determine position. The GNSS antenna 802 is integral With 
the housing 102 in that it resides in the housing 102 under the 
GNSS antenna cover 104. 

[0031] In one example, GNSS antenna 802 may receive 
signals transmitted by at least four GNSS satellites. In the 
example shoWn by FIG. 1, GNSS antenna cover 104 is located 
on the top side of handheld GNSS device 100. An exemplary 
top side vieW of the handheld GNSS device 100 is illustrated 
in FIG. 5. 
[0032] Handheld GNSS device 100 further includes covers 
for communication antennas 106 integral With the housing 
1 02. In embodiments of the invention there may be three such 
communication antennas, including GSM, UHF, and WiFi/ 
Bluetooth antennas enclosed beneath covers for the commu 
nication antennas 106. 
[0033] An exemplary exploded vieW of handheld GNSS 
device 100 is shoWn in FIG. 8. Communication antennas 806 
are positioned beneath the covers 106. The GSM and UHF 
antennas may be only one-Way communication antennas. In 
other Words, the GSM and UHF antenna may only be used to 
receive signals, but not transmit signals. The WiFi antenna 
may alloW tWo-Way communication. The communication 
antennas 806 receive positioning assistance data, such as 
differential correction data or raW positioning data from base 
transceivers. 
[0034] In the example shoWn in FIG. 1, the GNSS antenna 
cover 104 is located on the top of the housing 102. In the same 
example of FIG. 1, the communication antenna covers 106 
are located on the front of the housing 102. 
[0035] Handheld GNSS device 100 may further include at 
least one handgrip 108. In the example shoWn in FIG. 1, tWo 
handgrips 108 are integral to the housing 102. The handgrips 
108 may be covered With a rubber material for comfort and to 
reduce slippage of a user’s hands. 
[0036] The GNSS antenna cover 104, the communication 
antenna covers 106 and the handgrips 108 are shoWn from 
another vieW in the exemplary front vieW illustrated in FIG. 7. 
A front camera lens 110 is located on the front side of the 
handheld GNSS device 100. A second bottom camera lens 
116 may be located on the bottom side of the handheld GNSS 
device 100 in the example shoWn in FIG. 4. The camera 
included may be a still or video camera. 

[0037] The handgrips 108, in certain embodiments, may 
also be positioned to be near to the communication antenna 
covers 106. Handgrips 108 are shoWn in a position, as in FIG. 
6, that, When a user is gripping the handgrips 108, the user 
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minimally interferes With the antenna patterns of GNSS 
antenna 802 and communication antennas 806. For example, 
the user’s hands do not cause more than —40 dB of interfer 
ence While gripping the handgrips 108 in this con?guration, 
e.g., With the handgrips 108 behind and off to the side of the 
communication antenna covers 106. 

[0038] As shoWn in FIG. 2 and FIG. 3, handheld GNSS 
device 100 may further include display 112 for displaying 
information to assist the user in positioning the device. Dis 
play 112 may be any electronic display such as a liquid crystal 
(LCD) display, light emitting diode (LED) display, and the 
like. Such display devices are Well-knoWn by those of ordi 
nary skill in the art and any such device may be used. In the 
example shoWn by FIG. 2, display 112 is integral With the 
back side of the housing 102 of handheld GNSS device 100. 

[0039] Handheld GNSS device 100 may further include a 
camera for recording still images or video. Such recording 
devices are Well-knoWn by those of ordinary skill in the art 
and any such device may be used. In the example illustrated in 
FIG. 1, front camera lens 110 is located on the front side of 
handheld GNSS device 100. A more detailed description of 
the positioning of front camera lens 110 is provided in US. 
patent application Ser. No. 12/571,244, ?led Sep. 30, 2009, 
Which is incorporated herein by reference in its entirety for all 
purposes. In one example, display 112 may be used to display 
the output of front camera lens 110. 

[0040] With reference to FIG. 4, handheld GNSS device 
100 may also include a second bottom camera lens 116 on the 
bottom of handheld GNSS device 100 for vieWing and align 
ment of the handheld GNSS device 100 With a point of inter 
est marker. The image of the point of interest marker may also 
be recorded along With the GNSS data to ensure that the 
GNSS receiver 808 Was mounted correctly, or compensate for 
misalignment later based on the recorded camera informa 
tion. 

[0041] Handheld GNSS device 100 may further include 
horizon sensors (not shoWn) for determining the orientation 
of the device. The horizon sensors may be any type of horizon 
sensor, such as an inclinometer, accelerometer, and the like. 
Such horizon sensors are Well-knoWn by those of ordinary 
skill in the art and any such device may be used. In one 
example, a representation of the output of the horizon sensors 
may be displayed using display 112. A more detailed descrip 
tion of display 112 is provided beloW. The horizon sensor 
information can be recorded along With GNSS data to later 
compensate for mis-leveling of the antenna. 
[0042] Handheld GNSS device 100 may further include a 
distance sensor (not shoWn) to measure a linear distance. The 
distance sensor may use any range-?nding technology, such 
as sonar, laser, radar, and the like. Such distance sensors are 
Well-knoWn by those of ordinary skill in the art and any such 
device may be used. 

[0043] FIG. 4 illustrates a bottom vieW of the handheld 
GNSS device 100 according to embodiments of the invention. 
The handheld GNSS device 100 may be mounted on a tripod, 
or some other support structure, by a mounting structure such 
as three threaded bushes 114, in some embodiments of the 
invention. 

[0044] FIG. 8 illustrates an exploded vieW of the handheld 
GNSS device 100. When assembled, GNSS antenna 802 is 
covered by the GNSS antenna cover 104, and the communi 
cation antennas 806 are covered by the communication 
antenna covers 106. 
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[0045] FIG. 9A illustrates an exemplary vieW 900 of dis 
play 112 for positioning handheld GNSS device 100. In one 
example, display 112 may display the output of camera. In 
this example, the display of the output of camera lens 116 or 
110 includes point of interest marker 902. As shoWn in FIG. 
9A, point of interest marker 902 is a small circular object 
identifying a particular location on the ground. In the 
examples provided herein, We assume that the location to be 
measured is located on the ground, and that the point of 
interest is identi?able by a visible marker (e.g., point of 
interest marker 902). The marker may be any object having a 
small height value. For instance, an “X” painted on the 
ground or a circularpiece of colored paperplaced on the point 
of interest may serve as point of interest marker 902. 

[0046] In another example, display 112 may further include 
virtual linear bubble levels 904 and 906 corresponding to the 
roll and pitch of handheld GNSS device 100, respectively. 
Virtual linear bubble levels 904 and 906 may include virtual 
bubbles 908 and 910, Which identify the amount and direction 
of roll and pitch of handheld GNSS device 100. Virtual linear 
bubble levels 904 and 906 and virtual bubbles 908 and 910 
may be generated by a CPU 1108 and overlaid on the actual 
image output of the camera. In one example, positioning of 
virtual bubbles 908 and 910 in the middle of virtual linear 
bubble levels 904 and 906 indicate that the device is posi 
tioned “horizontally.”As used herein, “horizontally” refers to 
the orientation Whereby the antenna ground plane is parallel 
to the local horizon. 

[0047] In one example, data from horizon sensors may be 
used to generate the linear bubble levels 904 and 906. For 
instance, sensor data from horizon sensors may be sent to 
CPU 1108 Which may convert a scaled sensor measurement 
into a bubble coordinate Within virtual linear bubble levels 
904 and 906. CPU 1108 may then cause the display on display 
112 of virtual bubbles 908 and 910 appropriately placed 
Within virtual linear bubble levels 904 and 906. Thus, virtual 
linear bubble levels 904 and 906 may act like traditional 
bubble levels, With virtual bubbles 908 and 910 moving in 
response to tilting and rolling of handheld GNSS device 100. 
For example, if handheld GNSS device 100 is tilted forWard, 
virtual bubble 908 may move doWnWards Within virtual linear 
bubble level 906. Additionally, if handheld GNSS device 100 
is rolled to the left, virtual bubble 908 may move to the right 
Within virtual linear bubble level 904. HoWever, since virtual 
linear bubble levels 904 and 906 are generated by CPU 1108, 
movement of virtual bubbles 908 and 910 may be pro 
grammed to move in any direction in response to movement 
of handheld GNSS device 100. 

[0048] In another example, display 112 may further include 
planar bubble level 912. Planar bubble level 912 represents a 
combination of virtual linear bubble levels 904 and 906 (e. g., 
placed at the intersection of the virtual bubbles 908 and 910 
Within the linear levels 904 and 906) and may be generated by 
combining measurements of tWo orthogonal horizon sensors 
(not shoWn). For instance, scaled measurements of horizon 
sensors may be converted by CPU 1108 into X andY coor 
dinates on display 112. In one example, measurements from 
one horizon sensor may be used to generate the X coordinate 
and measurements from a second horizon sensor may be used 
to generate theY coordinate of planar bubble level 912. 
[0049] As shoWn in FIG. 9A, display 112 may further 
include central crosshair 914. In one example, central 
crosshair 914 may be placed in the center of display 112. In 
another example, the location of central crosshair 914 may 
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represent the point in display 112 corresponding to the vieW 
of front camera lens 110 along optical axis 242. In yet another 
example, placement of planar bubble level 912 Within central 
crosshair 914 may correspond to handheld GNSS device 100 
being positioned horizontally. Central crosshair 914 may be 
draWn on the screen of display 112 or may be electronically 
displayed to display 112. 
[0050] Display 112 may be used to aid the user in position 
ing handheld GNSS device 100 over a point of interest by 
providing feedback regarding the placement and orientation 
of the device. For instance, the camera output portion of 
display 112 provides information to the user regarding the 
placement of handheld GNSS device 100 With respect to 
objects on the ground. Additionally, virtual linear bubble 
levels 904 and 906 provide information to the user regarding 
the orientation of handheld GNSS device 100 With respect to 
the horizon. Using at least one of the tWo types of output 
displayed on display 112, the user may properly position 
handheld GNSS device 100 Without the use of external posi 
tioning equipment. 
[0051] In the example illustrated by FIG. 9A, both point of 
interest marker 902 and planar bubble level 912 are shoWn as 
off-center from central crosshair 914. This indicates that opti 
cal axis 242 of camera lens 110 or 116 is not pointed directly 
at the point of interest and that the device is not positioned 
horizontally. If the user Wishes to position the device hori 
zontally above a particular point on the ground, the user must 
center both planar bubble level 912 and point of interest 
marker 902 Within central crosshair 914 as shoWn in FIG. 9B. 

[0052] FIG. 9B illustrates another exemplary vieW 920 of 
display 112. In this example, virtual linear bubble levels 904 
and 906 are shoWn With their respective virtual bubbles 908 
and 910 centered, indicating that the device is horizontal. As 
such, planar bubble level 912 is also centered Within central 
crosshair 914. Additionally, in this example, point of interest 
marker 902 is shoWn as centered Within central crosshair 914. 
This indicates that optical axis 242 of front camera lens 110 is 
pointing toWards point of interest marker 902. Thus, in the 
example shoWn by FIG. 9B, handheld GNSS device 100 is 
positioned horizontally above point of interest marker 902. 
[0053] The bottom camera lens 116 or front camera lens 
110 can be used to record images of a marker of a knoWn 
con?guration, a point of interest, placed on the ground. In one 
application, pixels and linear dimensions of the image are 
analyzed to estimate a distance to the point of interest. Using 
a magnetic compass or a MEMS gyro in combination With 
tWo horizon angles alloWs the three dimensional orientation 
of the GNSS handheld device 100 to be determined. Then, the 
position of the point of interest may be calculated based upon 
the position of the GNSS antenna 802 through trigonometry. 
In one embodiment, a second navigation antenna is coupled 
to the housing 102 of the GNSS handheld device 100 via an 
external jack 804 (FIG. 8). The second navigation antenna 
can be used instead of magnetic compass to complete estima 
tion of full three-dimensional attitude along With tWo dimen 
sional horizon sensors. 

[0054] Estimation of a distance to a point of interest can be 
estimated as described in US. patent application Ser. No. 
12/571 ,244, Which is incorporated herein by reference for all 
purposes. The bottom camera lens 116 may also be used. The 
measurement is reduced to the calculation of the intersection 
of at least three cones using equations and methods described 
in Appendices A, B, and C to this application. 
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[0055] If the optical axis of the camera is not pointing 
directly at the point of interest, the misalignment With the 
survey mark can be recorded and compensated by analyzing 
the recorded image bitmaps. 
[0056] FIG. 10 illustrates an exemplary process 1000 for 
determining the position of a point of interest using a hand 
held GNSS device 100 according to embodiments of the 
invention. With reference to FIG. 1, a user Will position the 
handheld GNSS device 100 such that an image sensor, such as 
front camera lens 110, obtains image data of the point of 
interest at 1002. Orientation data is received from an orien 
tation sensor of the handheld GNSS device at 1004. The 
image data and the orientation data are displayed on the 
display 112, such that the user may position the handheld 
GNSS device 100 to accurately determine the position of the 
point of interest at 1006. The user may position the handheld 
GNSS device 100 as in the example shoWn in FIGS. 9A and 
9B. 
[0057] When the handheld GNSS device 100 is positioned 
to accurately determine the position of the point of interest, 
position data may be received by the GNSS antenna 802 at 
1008. Positioning assistance data is also received at 1010 by 
at least one communication antenna 806. 

[0058] The antenna height of the GNSS antenna 802 is a 
factor in determining the position data of a point of interest 
marker. The point of interest marker position determination 
takes into account the antenna height in order to determine a 
more accurate position of the point of interest. The optical 
axis of the bottom camera lens 116 goes through GNSS 
antenna. After the bottom camera lens 116 records image data 
of the point of interest marker, at 1012, the antenna height is 
estimated based on analyzing the image data. For example, by 
analyzing the size of the point of interest marker in the image, 
a height of the GNSS antenna 802 can be estimated. 

[0059] Further, a misalignment of the handheld GNSS 
device 100 may add to an error in position determination of 
the point of interest marker. The user using the handheld 
GNSS device 100 may not have aligned the handheld GNSS 
device 100 With the point of interest marker exactly, Which 
could affect the accuracy of the position determination of the 
point of interest. As such, at 1014, an alignment error associ 
ated With the handheld GNSS device 100 in relation to the 
point of interest is determined. 
[0060] Then, at 1016, the position data associated With the 
point of interest is determined using at least the image data, 
the orientation data, the position data, the position assistance 
data, the antenna height estimation, and the alignment error. 
[0061] FIG. 11 illustrates an exemplary logic diagram 
shoWing the relationships betWeen the various components of 
handheld GNSS device 100. In one example, GNSS antenna 
802 may send position data received from GNSS satellites to 
receiver 808. Receiver 808 may convert the received GNSS 
satellite signals into Earth-based coordinates, such as 
WGS84, ECEF, ENU, and the like. GNSS receiver 808 may 
further send the coordinates to CPU 1108 for processing 
along With position assistance data received from communi 
cation antennas 806. Communication antennas 806 are con 
nected to a communication board 810. Orientation data 1112 
may also be sent to CPU 1108. Orientation data 1112 may 
include pitch data from pitch horizon sensors and roll data 
from roll horizon sensors, for example. Image data 1110 from 
video or still camera may also be sent along to the CPU 1108 
With the position data received by the GNSS antenna 802, 
positioning assistance data received by communication 
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antenna 106, and orientation data 1112. Distance data from a 
distance sensor may also be used by CPU 1108. CPU 1108 
processes the data to determine the position of the point of 
interest marker and provides display data to be displayed on 
display 112. 
[0062] FIG. 12 illustrates an exemplary computing system 
1200 that may be employed to implement processing func 
tionality for various aspects of the current technology (e.g., as 
a GNSS device, receiver, CPU 1108, activity data logic/data 
base, combinations thereof, and the like.). Those skilled in the 
relevant art Will also recogniZe hoW to implement the current 
technology using other computer systems or architectures. 
Computing system 1200 may represent, for example, a user 
device such as a desktop, mobile phone, geodesic device, and 
so on as may be desirable or appropriate for a given applica 
tion or environment. Computing system 1200 can include one 
or more processors, such as a processor 1204. Processor 1204 

can be implemented using a general or special purpose pro 
ces sing engine such as, for example, a microprocessor, micro 
controller or other control logic. In this example, processor 
1204 is connected to a bus 1202 or other communication 
medium. 
[0063] Computing system 1200 can also include a main 
memory 1208, such as random access memory (RAM) or 
other dynamic memory, for storing information and instruc 
tions to be executed by processor 1204. Main memory 1208 
also may be used for storing temporary variables or other 
intermediate information during execution of instructions to 
be executed by processor 1204. Computing system 1200 may 
likeWise include a read only memory (“ROM”) or other static 
storage device coupled to bus 1202 for storing static informa 
tion and instructions for processor 1204. 
[0064] The computing system 1200 may also include infor 
mation storage mechanism 1210, Which may include, for 
example, a media drive 1212 and a removable storage inter 
face 1220. The media drive 1212 may include a drive or other 
mechanism to support ?xed or removable storage media, such 
as a hard disk drive, a ?oppy disk drive, a magnetic tape drive, 
an optical disk drive, a CD or DVD drive (R or RW), or other 
removable or ?xed media drive. Storage media 1218 may 
include, for example, a hard disk, ?oppy disk, magnetic tape, 
optical disk, CD or DVD, or other ?xed or removable medium 
that is read by and Written to by media drive 1212. As these 
examples illustrate, the storage media 1218 may include a 
computer-readable storage medium having stored therein 
particular computer softWare or data. 
[0065] In alternative embodiments, information storage 
mechanism 1210 may include other similar instrumentalities 
for alloWing computer programs or other instructions or data 
to be loaded into computing system 1200. Such instrumen 
talities may include, for example, a removable storage unit 
1222 and an interface 1220, such as a program cartridge and 
cartridge interface, a removable memory (for example, a ?ash 
memory or other removable memory module) and memory 
slot, and other removable storage units 1222 and interfaces 
1220 that alloW softWare and data to be transferred from the 
removable storage unit 1222 to computing system 1200. 
[0066] Computing system 1200 can also include a commu 
nications interface 1224. Communications interface 1224 can 
be used to alloW softWare and data to be transferred betWeen 
computing system 1200 and external devices. Examples of 
communications interface 1224 can include a modem, a net 
Work interface (such as an Ethernet or other NIC card), a 
communications port (such as for example, a USB port), a 
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PCMCIA slot and card, etc. Software and data transferred via 
communications interface 1224. Some examples of a channel 
include a phone line, a cellular phone link, an RF link, a 
netWork interface, a local or Wide area netWork, and other 
communications channels. 
[0067] In this document, the terms “computer program 
product” and “computer-readable storage medium” may be 
used generally to refer to media such as, for example, memory 
1208, storage media 1218, or removable storage unit 1222. 
These and other forms of computer-readable media may be 
involved in providing one or more sequences of one or more 

instructions to processor 1204 for execution. Such instruc 
tions, generally referred to as “computer program code” 
(Which may be grouped in the form of computer programs or 
other groupings), When executed, enable the computing sys 
tem 1200 to perform features or functions of embodiments of 
the current technology. 
[0068] In an embodiment Where the elements are imple 
mented using softWare, the softWare may be stored in a com 
puter-readable medium and loaded into computing system 
1200 using, for example, removable storage drive 1222, 
media drive 1212 or communications interface 1224. The 
control logic (in this example, softWare instructions or com 
puter program code), When executed by the processor 1204, 
causes the processor 1204 to perform the functions of the 
technology as described herein. 
[0069] It Will be appreciated that, for clarity purposes, the 
above description has described embodiments With reference 
to different functional units and processors. HoWever, it Will 
be apparent that any suitable distribution of functionality 
betWeen different functional units, processors, or domains 
may be used. For example, functionality illustrated to be 
performed by separate processors or controllers may be per 
formed by the same processor or controller. Hence, refer 
ences to speci?c functional units are only to be seen as refer 
ences to suitable means for providing the described 
functionality, rather than indicative of a strict logical or physi 
cal structure or organiZation. 

[0070] Furthermore, although individually listed, a plural 
ity of means, elements, or method steps may be implemented 
by, for example, a single unit or processor. Additionally, 
although individual features may be included in different 
claims, these may possibly be advantageously combined, and 
the inclusion in different claims does not imply that a com 
bination of features is not feasible or advantageous. Also, the 
inclusion of a feature in one category of claims does not imply 
a limitation to this category, but rather the feature may be 
equally applicable to other claim categories, as appropriate. 
[0071] Although a feature may appear to be described in 
connection With a particular embodiment, one skilled in the 
art Would recogniZe that various features of the described 
embodiments may be combined. Moreover, aspects described 
in connection With an embodiment may stand alone. 

APPENDIX A 

Unconstrained Minimization Methods 

Let: 

[0072] R” be n-dimensional Euclidean space, x:(x 1, x2, . 
. . , xn)TeR”, Where vectors are columns and the symbolT 

denotes transpose; 

[0073] x12+x22+...+xn2 be an Euclidean norm of 
the vector x:(x1,x2, . . . , xn)TeR”; 
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[0074] (x, y) W ywT x be the scalar product of tWo 
vectors; 

[0075] be the vector of ?rst partial derivatives of the 
continuously differentiable function f(x), or the gradi 
ent vector; 

62 fun 

[0076] be the matrix of second partial derivatives of the 
tWice continuously differentiable function f(x), or the 
Hesse matrix; 

[007 7 ] 
[0078] I be the identity matrix. 

The sequence {x(k)}, k:0,1, . . . , starting With initial approxi 
mation xw), generated by the following equation 

R”"” be the space of square n><n matrices; 

Which satis?es the minimiZation property 

f(x(k))<f(x(k'l))< - - - <f (16(0)) (A2) 

if the matrix B(k)eR”x” is positive de?nite and the step length 
A0“) is specially chosen. Methods for calculation of the step 
length are described, for example, in P. E. Gill, W. Murray, M. 
H. Wright (1980), Practical Optimization, Academic Press, 
1981 pp. 100-102, Which is incorporated herein by reference. 
Robust and practically proven methods include calculating 
the ?rst number in the sequence 

. . . , satisfying the inequality 

is the search (or descent) direction vector, and p. is an arbitrary 
number in the range 0<u§0.5. In one example, the value 
[1:001 may be used. 
The sequence {x(k)} generated according to the expression 
(A1) minimiZes the function f(x) as shoWn in inequalities 
(A2). Thus, the equation (A1) recursively generates the mini 
miZing sequence for any positively de?nite matrices chosen. 
The convergence properties of the sequence depend on the 
choice of the positive de?nite matrix B0“). The folloWing are 
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methods that may be used to select the positive de?nite matrix 
B0“) and calculate the equation (A1): 

[0079] 1) If B(k):I, the equation (A1) may be calculated 
using the gradient or steepest descent method. The 
method is knoWn to be linearly convergent. 

[0080] 2) If 

the equation (A1) maybe calculated using the NeWton 
method. The method is quadratic convergent in the neighbor 
hood of the local minimum point Where the Hesse matrix is 
positive de?nite. 

[0081] 3) The iteratively calculated matrices BU“) may be 
updated according to the Broyden-Fletcher-Goldfarb 
Shanno (BFGS) or Davidon-Fletcher-PoWell (DFP) 
schemes as described, for example, in P. E. Gill, W. 
Murray, M. H. Wright (1980), Practical Optimization, 
Academic Press, 1981, pp. 116-127, Which is incor 
ported herein by reference. The BFGS and DFP schemes 
form the Quasi-Newton family of methods Which are 
knoWn to be super-linearly convergent. These methods 
are practically as fast as NeWton methods, but do not 
demand calculation of the Hesse matrix. In applications 
Where the Hesse matrix is easily calculated, like in the 
present application, NeWton methods are preferable. 

APPENDIX B 

Sum of Squares Minimization Methods 

[0082] Let us consider a particular case of the function f(x) 
subject to minimiZation. Let the function f(x) be the sum of 
squares of m functions q>,(X); 

1 m (A5) 

m) = 52 [tot-(x)? 

[0083] Solution of the redundant (if min) set of nonlinear 
equations 

50106) = 0, (A6) 

is often reduced to the minimiZation problem 

Any of the methods 1)-3) described above can be applied to 
the problem (A7). To apply the NeWton method, the expres 
sions for the gradient vector and Hesse matrix are needed. The 
folloWing equations express them through gradients and 
Hesse matrices of the functions q>,.(X); 
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(A3) 

m m (A9) 

If the system (A6) is feasible, the values (pl-(x) vanish as the 
minimizing sequence {x(k)} converges to the solution. Even if 
the system (A6) is ‘almost’ feasible, the values (pl-(x) can be 
neglected in the expression for the Hesse matrix (A9). We 
arrive at the formulation of the fourth method: 

[0085] 4) If 

the equation (A1) maybe calculated using the Gauss-Newton 
method, for example, as described in P. E. Gill, W. Murray, M. 
H. Wright (1980), Practical Optimization, Academic Press, 
1981, pp. 134-13 6, Which is incorporated herein by reference. 

APPENDIX C 

[0086] Let the cone C,- in three dimensional space be 
de?ned by its apex aieR3 , central axis heR3, common for all m 
cones, and the angle 6 betWeen the axis and the generating 
line. The vector h is a unit vector aligned With the gravity 
vector. The equation of the cone Cl. takes the form: 

(It, X-m) 6 (A10) 
i : COS . 

lVlllllX-mll 

Let us denote (Fcos 6. Then taking into account that the 
vector h is a unit vector, We arrive at the folloWing equation 

The point xeR3 belongs to the surface of the cone Cl. if and 
only if it satis?es the equation (A1 1). The problem of deter 
mining the intersection of cones is reduced to the solution of 

the problem (A6) With ¢l-(x):< h, x—al-> —(X||X—2ll-||. The prob 
lem is then reduced to the problems (A5) and (A7), Which in 
turn, can be solved by any of the methods 1)-4) described 
above. To apply, for example, the NeWton method, We need to 
calculate the gradient and Hesse matrix (A8) and (A9), 
respectively. To complete the description, We derive expres 
sions for 

and 
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needed for calculations (A8) and (A9): 

1-21. (canceled) 
22. A computer-implemented method for determining a 

position of a point of interest by a handheld device, the com 
puter-implemented method comprising: 

receiving image data from at least one image sensor; 
receiving orientation data from at least one orientation 

sensor; 
causing a display, on the device, of a representation of the 

image data and the orientation data to assist a user in 
positioning the device; 

receiving position data, by a GNSS antenna, from a plural 
ity of satellites; 

receiving positioning assistance data, by at least one com 
munication antenna, from a reference station; 

determining a GNSS antenna height estimation based on 
the image data; 

determining an alignment error associated With the hand 
held device and the point of interest based on the image 
data; and 

determining a position of the point of interest based at least 
on the position data, the positioning assistance data, the 
orientation data, the antenna height estimation, and the 
alignment error. 

23. The computer-implemented method of claim 22, 
Wherein the GNSS antenna height estimation is determined 
based on analyZing pixels of the image data. 

24. The computer-implemented method of claim 22, 
Wherein the alignment error is determined based on analyZing 
pixels of the image data. 

25. The computer-implemented method of claim 22, 
Wherein the positioning assistance data includes raW position 
data of the base station for comparing With the position data 
received by the GNSS antenna to determine the position of 
the point of interest. 

26. The computer-implemented method of claim 22, 
Wherein the positioning assistance data includes correction 
data for compensating for errors in the position data in deter 
mining the position of the point of interest. 

27. A non-transitory computer-readable medium encoded 
With executable instructions for determining a position of a 
point of interest by a handheld device, the instructions com 
prising instructions for: 

receiving image data from at least one image sensor; 
receiving orientation data from at least one orientation 

sensor; 
causing a display, on the device, of a representation of the 

image data and the orientation data to assist a user in 
positioning the device; 

receiving position data, by a GNSS antenna, from a plural 
ity of satellites; 

receiving positioning assistance data, by at least one com 
munication antenna, from a reference station; 

determining a GNSS antenna height estimation based on 
the image data; 

determining an alignment error associated With the hand 
held device and the point of interest based on the image 
data; and 




