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(57) Abstract: The present disclosure provides a method of determining a direction of a target in a ground referential, the method
comprising: acquiring an image of a scene including the target and a control object using a camera; obtaining position data of the
camera and control object using a geo-spatial positioning system; determining a control direction from the camera to the control ob -
ject in the ground referential using said position data; estimating a camera attitude in the ground referential using the control direc -
tion; determining the target direction from the camera to the target using the estimated camera attitude and a pixel position of the tar-
get in the image.
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TARGET DIRECTION BETERMINATION METHOD AND SYSTEM

TECHNOLOGICAL FIELD
The present disclosure relates in general to surveying methods. More
particidarly, the present disclosure relates to a system and method for determining a

direction from a camera to a target in a ground referential.

BACKGROUND

Target geolocation refers generally to the problem of determining the
coordinates of a target in a predefined referential (reference frame} such as the World
Geodetic System (WGS84). Survevors generally use theodolites for target geolocation.
In operation, the survevor places the theodolite at a reference position and points the
theodolites at the target by visually locating the target through an optical system.
Thereafter, the survevor measurcs an angle between the target and a reference direction
as well as a distance between the target and the theodolite. Typically, the reference
direction and position of the theodolite are preliminanly determined by the theodolite
observing a set of points, the locations of which are accurately known within the
predefined referential. Using the coordinates of the locations, the reference direction of
the theodolite in the predefined referential can be determined with a predetermined level
of accuracy. The general process for target geolocation comprises therefore two main
stages: a set-up stage in which the reference position and direction of the theodolite is
determined and a measurcment stage m which the relative angle between the reference
direction and the target direction and the distance between the reference position and the

target position are measured.
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GENERAL DESCRIPTION

Theodolites need to incorporate sophisticated mechanical comaponents to allow
accurate angular measurements and further require a setup stage which make them
difficult to use in a stand alone environment where a set of accurately known points s
not available. In certain situations, it i preferable to have an autonomous instrument
and not to rely on mechanical components while maintaining a satisfactory accuracy.

The Applicant has found that the use of a camera combined with satelite
positioning technologies for georeferencing the camera provides a simple system
without the need for sophisticated mechanical components while maintaining a
satisfactory accuracy and improving possibilitics of use m stand alone environments.

It 1s noted that target location accuracy is dependent on several factors among
which arc self location accuracy of the instrument, angular measurement accuracy from
a reference direction to the target direction and range measurement accuracy from the
mstrument to the target. However, a sigmficant factor influencing accuracy is anguolar
accuracy because this is dependent on the range of the target, and the other factors
mentioned above generally cause only bias deviation.

Further, angular accuracy generally comprises both accuracy ot a referencing of
the instrument, for example determination of a Line Of Sight (LOS) to the north and
leveling, and accuracy of the target direction, for example the angle measurement to the
target relative to LOS to the north.

The accuracy of measuring relative angles using mechamical theodolites
{employing high quality gears) i1s generally of about a few tens of micro radians {around
25 micro-radians). The total accuracy is alsc dependent on the accuracy of the absolute
direction finding ("north-finding"). Standard (non-theodolite) high-end mechanical pan
tlt units (PTU) have an accuracy of a foew hundred micro-radians for measunng relative
angles, but still require a gear. When adding the accuracy of the north finding using

?

"simple" systems (e.g.. compass), typical total accuracies of such PTU units are in the
arca of 500-5000 micro-radians. In the following, a sausfactory total accuracy is
understood as a total accuracy from tens to several hundreds of micro-radians, for
example 260 or 500 micro-radians. The proposed method and system notably allow

reaching such a satisfactory accuracy without requiring a gear,
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It is further noted that, although satellite positioning accuracy such as GPS
{especially when using single frequency receivers as suggested below) is in the range of
meters, a relative measurement between two close points 1s accurate to the centimeter
level. The below statement is especially valid when analyzing the carrier phase of the
GPS signal. Indeed, most of the errors in GPS positioning are commaon errors {including
the ionosphere} which cause a bias but keep the relative durection accuraie,
Furthermore, error accuracy is not dependent on the actual distance between the GPS
receivers, espectally when the distance 1s i the range of hundreds of meters. When
apprehended from the point of view of direction accuracy, one centimeter accuracy for
example at one hundred meter distance tumns mto 100 micro-radians accuracy.
Therefore, it 1 expected that determining a reference attitude of an instnument based on
GPS receiver{s) positioned at hundred(s} of meters of the nstrument can be done in the
order of 50 to 300 micro-radians.

Furthermore, a calibrated camera may generally provide angle measurement
with internal accuracy {meaning a measurement of an angle between two pixels) at
single digit magnitude of micro-radians and, furthermore, when enlarging the ficld of
view with a panorama by mosaicing techniques, the accuracy of tens of micro-radians
may be expected.

Therefore, the present disclosure provides a method of determining a direction
of a target m a ground referential, the method comprsing: acquiring an image of a
scene including the target and a control object using a camera; obtaining position data
of the camera and control object using a geo-spatial positioning svstem; determining a
control direction from the camera to the control object in the ground referential using
said position data; cstimating a camera attitude m the ground referential using the
control direction; detemuning the target direction from the camera to the target usmg
the estimated camera attitude and a pixel position of the target i the image.

In some embodiments, the method further comprises leveling of the camera
using a level instrument and wherein estimating the camera attitude is performed using
the levehing of the camera.

In some embodiments, the image further includes at lcast one additional control
object, and the method further comprises: obtaining additional position data regarding
the at least one additional control object using the geo-spatial positioning system;

determining at least one additional control direction from the camera to the at least one
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additional control object 1n the ground referential using said additional position data.
The step of estimating the camera aititude is performed using the at least one additional
control direction.

In some embodiments, estimating the camera attitude using the at least one
additional control direction comprises refining the estimated camera attitude using the at
least one additional control direction by: estimating the at least onc additional control
direction based on the estimated camera attitude and on a pixel position of the
additional control object on the image; companing the at least one estimated additional
control direction to the at least one additional control direction determined based on the
additional position data to obtain a direction disagreement vector, compuiing a
corrgction rotation matrix to minimize the direction disagreement vector.

In some embodiments, estimating the camera attitode using the at least one
additional control direction comprises solving the equations provided bv the camera
model at the two control objects.

In some embodiments, the step of acquiring the image comprises: capturing a
plurality of overlapping clementary images by modifving an orientation of the camera
so as to scan a predetermined area of the scene, and forming a panoramic image by
mosaicing of the clementary images.

In some embodiments, the control object and the target belong to different
clementary images.

In some embodiments, the at least one additional control object and the control
obiect belong to different elementary images.

In some embodiments, the ground referential ig a East, North, Up referential
centered on the camera position.

In some embodiments, the geo-spatial positioning system is a Global Navigation
Satellite System (GNSS).

In some embodiments, the position data are provided without using differential
correction and/or without using real time kinematic procedures.

In another aspect, the present disciosure provides a swrveving module for
determining a direction of a target 1n a ground referential The sorveying module
corprises an image nput unit configured for receiving an image of a scene including
the target and a control object, the image being acquired usimg a camera; a position data

mput unit configured for receiving position data of the camera and of the control obiect
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from a geo-spatial posttioning system; and a target divection processing unit configured
for: determining a control direction from the camera to the control object in the ground
referential using said position data; estimating a camera attitude i the ground
referential based on the control direction; and determining the target direction from the
camera to the target using the estimated camera attitude and a pixel position of the
target in the image.

In some embodiments, the target direction processing umit 1s further configured
for, when the image received by the image mput unit further inclodes at least one
additional control object and the position data received by the position data input unit
further includes additional position data of the at least one additional control object:
determining at feast one additional control direction from the camera to the at least one
additional control object in the ground referential using said additional position data;
and wherein estimating the camera attitude is performed using the at least one additional
control direction.

According to ancther aspect, the present disclosure provides a surveying system
compnsing a camera including a geo-spatial position receiver configured for receiving
position signals from a geo-spatial postfioning system and a geo-spatial position
processor for determining camera position data from said position signals; and a
surveying module as previously described.

In some embodunents, the surveving system turther comprises a control object
mchuding a geo-spatial position receiver contigured for receiving posttion signals of the
control object from the geo-spanal positionmg system and a communication unit
configured for transferring said position signals to the geo-spatial position processor,
the geo-~spatial position processor being further configured for determining posttion data

of the control object from said control object position signals.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that 1s disclosed herein and to
exemplify how it may be carried out i practice, embodiments will now be described,
by way of non-limiting example only, with reference to the accompanving drawings, in
which:

Figs. 1A-1C iHustrate certain notions useful in the present disclosure.
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Fig. 2 illustrates a surveving system according to embodiments of the present
disclosure.
Fig. 3 illustrates a method of determining a target direction according to

embodiments of the present disclosure.

5 Fig. 4 llustrates a camera and a pancramic image of a scene including a control
object and an additional control object as well several targets according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION OF EMBUODIMENTS
10 Described herein are some examples of systems and methods usetul for

determining a direction of a target in a ground referential.

In the following detailed description, mumerous specific details are set forth
order to provide a thorough understanding of the subject matter. However, it will be
understood by those skilled in the art that some examples of the subject matter may be

15 practiced without these specific details. In other mstances, well-known methods,
procedures and components have not been described in detail so as not io obscure the

description.

"o

As used herein, the phrase "for example,” "such as", "for instance” and vanants
2 b 9

thereof describe non-limiting examples of the subject matter.

E

20 Reference in the specification to “one cxample”, “some examples”, “another

) 4

example”, “other examples, "one instance”, "some mstances”, “another instance”, “other

mstances”, "one case”, "some cases”, “another case”, "other cases" or vanants thereof
means that a particular described feature, structure or characteristic is included in at

least one example of the subject matter, but the appearance of the same term does not

N2
2

necessarily refer to the same example.

It should be appreciated that certain features, structurcs and/or characteristics
disclosed herein, which are, for clarity, described in the context of separate examples,
may also be provided in combination in a single example. Conversely, various features,

structures and/or characteristics disclosed herein, which are, for brevity, described in the

(3
foun]

context of a single example, may also be provided separately or in any suitable sub-

combination.
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Unless specifically stated otherwise, as apparent from the following discussions,
it 1s appreciated that throughout the specification discussions utilizing terms such as
9 PR ) L1 iy SO ER | i I 1 " e L W M 1 ” T4 "

generating”,  "determining”, providing”, ‘Treceiving”, Tusing”, Ttransmitting”,

"verforming”, "forming”, "analvzing”, or the like, may refer to the action(s} and/or

h

process{es) of any combination of software, hardware and/or firmware. For example,

these terms may refor in some cases to the action{s) and/or process{cs) of a

programmable machine, that manipulates and/or transtorms data represented as

physical, such as electronic quantities, within the programmable machine's registers

and/or memorics into other data simifarly represented as physical quantities within the

10 programmable machine's memones, registers and/or other such information storage,
transmission and/or display element(s).

Further, it should be understood that the term “position data” may encompass
positioning nformation provided by anv geo-spatial positioning sysiem using for
example radio frequency signals transmitted from a network of transmitters (i.e. GNSS

15 or other systems which allow the user to deternune its location such that an accuracy
crror between two close pomts measurements is mainly bias). In the below description,
the term satellite position data is used withowt prejudice to alternative embodiments
such as beacon signals or the like.

Furthermorg, if 1s noted that the term camera is used hereby to generally refer to

20 an imaging device comprising a pixel matrix sensor.

Figs. 1A-1C illustrate generally notations useful for the descuption of the
present disclosure. Generally, the present disclosure relates to a method of determining

a direction of a target 1o a ground referential based on an image of the target acquired by

a camera and on position data of the camera and of at least one control object present in

N2
2

the image. [t 18 noted that the position data may be provided in a geodesic referential -
such as WS84 or NADS3 - by a satellite positioning system such as a Global
Navigation Satellite System (GNSS). With reference to Fig, 1A, such a geodesic
referential 1s noted (Xg, Yo, %), The ground referential in which the divection of the

target is determmed may be a Hast/North/Up referential centered on the camera C

(3
foun]

position and noted {X, Y, 2} on Fig, 1A | is noted that conversion from the (X, Y,
Zg) coordinates to the (X, Y, Z) coordinates 1s well known for the man skilled in the art
and 1s not described herein for the sake of conciseness. Further, as represented on Fig.

1B, a direction towards an object A 1 (X, Y, Z} may be defined by an Azimuth and
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Elevation of the object A also noted n the following (Az, Elv)a. According to
embodiments of the present disclosure, GNSS data (which may include code and phase
observations of at least one RF frequency channel} of the camera € and of a control
chicct A may be obtained and used to determune a relative vector CA=(Dx, Dy, Dz} n
the (X, Y, Z} referential and thereby provide the Azimuth and Elevation of A {also
referred to as the control object direction) as follows:

Azimuth = tan™!

*C:JERC:J

Y
D,

. :
NDYET

Flevation = tan™

Further, with reference to Fig. 1C, a digital camera 2 may acquire an image 100
on which two control objects A and B appear. The camera 2 may include a pixel matrix
sensor and the pixel positions on the image 100 may be referred to using two
coordinates indicating the column and row of a given pixel. The pixel positions of the
control objects A, B mayv be referred to mn the following as {(Ca, Ra) and {Cy, Re). The
camera 2 may be provided with a camera referential (X, Y., Z,} (also referenced 200}
centered on the optical center of the camera 2. The onigin of the camera referential may
be defined at the camera perspective center located at a focal distance before the focal
plane, the Ze axis may be aligned with an optical axis and pointing outward, the plane
formed by the axis X, ¥, may be paraliel to a focal plane with the X, axis pointing
along image columms and the Y, axis completing a nigh-hand svstem (for rectangular
arravs thereby ponting along image rows). An attitude of the camera 2 may be defined
with reference to the (X, Y, Z} referential previously described to represent an
orientation of the camera 2. As itlustrated on Fig, 1€, the attitude can be defined as a
rotation which brings the camera referential 208 {coordinate system) into contormity
with the (X, Y, Z} ground refergntial. For example, the attitude may be represented by
Euler angles i.e. vaw, piich and roli around the axis of the camera coordinate systen. As
will be cxplained 1 more detail below, the Euler angles can be computed from the
position data of two control objects A, B by determining the directions {Az, Elv), and
{Az, Elv)g from the camera to the control objects i the ground referential and using a

camera model for referencing the orientation of the camera. The camera principal point
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tHustrated on Fig. 1C may refer to the point on the focal plane formed by an orthogonal
projection of the camera center onto the focal plane.

Parameters of the camera model may be prebminary known (or solved during
the process). In the followimng, details are provided for a given camera model. It is
understood that the present disclosure can be extended to other types of camera models.

The considered camera model provides a relation between an object X and an

mmage of the object X as follows:

cos (Elvy)sin {Azy) | Cy
cos {Elvg)cos (Azy) |~ R{roll, pitch, yaw) = K~H{R,
sin {(Azg} 1
Wherein

{y is a pixel columm location of an image of the object X

Ry is a pixel row location of the image of the object X

K 13 a camera calibration matrix, as detailed hereinbelow;

R (roll, pitch, vaw} is the rotation matrix between the reference coordinate
system and the camera coordinate system as defined with reference to Fig, 1€,

Ely, Azx are the Elevation and Azimuth of object X as previously defined with
reference to Fig. 1B,

The camera calibration matrix K may be expressed as follows:

fe 5 ¢
K = 0 f~,~ L)
6 0 1

Wherein:

fi1s a focal of the camera along the column axis;

{15 a focal of the camera along the row axis;

s 1s a skewness of the camera;

¢o 18 a column coordinate of the focal center i the image coordinate svsiem;

1y is row coordinate of the focal center in the image coordinate system.

K 1s also referred to as internal parameter or internal orientation of an image.

Refernng now to Fig. 2, in some embodiments of the present disclosure, a
surveving system may comprise a surveving module 1, a camera 2, a control object 3
and optionally an additional control obiect 4. The camera 2, the control object 3 and the
additional control obicct 4 may respectively comprise a camera satellite recetver 22, a

control object satellite receiver 32 and an additional control object satellite receiver 42.
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The satellite receivers 22, 32, 42 of the camera 2, control object 3 and additional
control object 4 may be respectively configured for receiving from a satellite
posttioning system, such as a GNSS, positioning signals enabling to determine position
data of the camera 2, the control object 3 and the additional control object 4 in a ground
referential such as WGS84, The camera 2, the conirol object 3 and the additional
control object 4 may transfer to the surveving module 1 the posttioning signals coabling
to determine their respective position data or may transfer the respective position data
directly. It 15 appreciated that the position data may be determined without using long-
baseline differential correction techniques, without using real ime kingmatic procedures
and without using double frequency receivers.

The satellite receiver 22 of the camera 2 may be mounted on the camera 2 and

calibrated so that an antenna center of the satellite receiver 22 is calibrated with an
optical conter of the camera 2. The camera 2 mayv be mounted on tripoed units configured
for positioning the camera at a predetermined position. The control object 3 and/or the
additional control object 4 may also be mounted on tripod units. The tripod unit may
melude a level instrument, such as a spirit level or a bubble level, configured for
levehing the camera 1.¢. ortenting the camera i a plance paralicl to the XCY plane in the
(X, Y, 7) referential defined on Fig. 1A | 15 noted that when the camera 2 1s provided
with an accurate leveling instrument, the additional control obiect 4 may not be
required. Tndeed, as will be cxplained hereinafter, a control object with a known
Elevation and Azimuth provides two equations from the camera model and therefore
enables to determine two Euler angles of the camera attitude. Therefore, if the camera is
oricuted in a predefined planc, the determination of two Euler angles provides sufficient
data to completely determine the attitude of the camera. Indeed, when the camera is
eveled to the ground there is no need to solve the yaw angle (1.e. an angle about the
optical axis causing the columns vector Xe not to be leveled) The tripod umt may
enable to rotate around thiee perpendicular axes intersecting at the optical center of the
camera (the rotation axes may alternatively not be on the optical center — in which case
the position of the rotation axes may be prehiminanly determined/calibrated). The
camera mav comprise a pixel matrix sensor and an optical svstem configured for
forming images of objects on the pixel matrix sensor.

The surveymg module § may comprise an image nput unit 18, a position data

mput unit 12 and a target direction processimg unit 14, The mmage input unit 12 may be
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configiired for receiving an image from the camera 2. The image may be a digital image
and may include an image of a target, the control object 3 and optionally the additional
control object 4. The position data nput wnit 12 may be configured for receiving
position data from the camera 2, the control object 3 and the additional control object 4.
In some embodiments, the position data is not computed imternally by respectively the
camera 2, the control object 3 and the additional control object 4. In these embodiments,
the satellite positioning signals from the camera 2, the control object 3 and the
additional control object 4 may be transferred to the surveying module 1 and the
position data mnput unit 12 may be configured for computing the position data from the
posttioning signals. The target direction processing unit 14 mav be configured to
determine a direction (azimuth and elevation) of a target appearing in the tmage
according to the method described in more details with reference to Fig, 3. An output
device (not shown} may be configured for outputiing the target direction as computed
by the target direction processing device 14. For example the output device may
comprise a display screen. In some embodiments, the cutput device may be the camera
2 and the computed target direction may be displaved on a display screen of the camera
2.

Fig. 3 illustrates steps of a method of determining a target direction in a ground
referential according to embodiments of the present disclosure. In a first step $180, an
mage of a scene including a target T and a control object A 1s acquired using a camera.
Optionally, an additional control object {or several additional control objects) may be in
the acquired scene. The step 8100 of acquiring an image may optionally comprise the
steps of’ capturing a plurality of overapping elementary mmages by controllably
modifying an orientation {attitude) of the camera so as to scan a predetermined arca of
the scene and of forming a panoramic image by mosaicing of the clementary images.
The modification of the onentation of the camera may be performed by moving the
camera using 2 tripod. in some embodiments, the control object, the target and the
additional control object may belong to different elementary images. In a second step
S118, position data of the camera and of the control object (and optionally of the
additional control object) may be retrieved from a satellite positioning system. In some
cmbodiments, the camera and control object may be configured to receive positioning
signals from the satellite positioning system and may either extract the position data

from the positioning signals and transmit the position data to a surveying module
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mplementing the method or transmit directly the positioning signals to the serveving
module which may therefore be configured to extract position data from the positioning
signals. It is appreciated that the architecture may also comprise other infermediate
glements. It 1s also noted that the position data may be determined without using
differential correction techniques, without using real time kinematic procedures and
without using double frequency receivers. It is noted that the position data may be
origimaliv obtained in a first geodesic refercntial such as WGS84, In a third step S128, a
control direction {(also referred to as Line Of Sight or LOS) from the camera to the
control object may be computed in the ground referential {X, Y, Z) as defined with
reference to Fig. 1A, The control direction may be computed by determiming the
coordinates of a relative vector in the first geodesic referential and by converting said
coordinates into coordinates in the ENU referential. The relative vector is illustrated on
Fig. 1A by CA=(D., Dy, D). Fig. 1B illustrates how the contral direction (Elv, Azja
can be obtained from the relative vector CA. It 1s noted that even though the position
data from the satellite positioning system may have an accuracy in the range of a few
meters, the coordinates of the relative vector CA have an accuracy in the range of a few
mitlimeters to a fow centimeters It is to be noted that the accuracy can even be
mmproved by for example using two GNSS frequencies, ete. In a fourth step 51380, an
estimation of the camera attitude in the ground referential may be performed based on
the control direction, on the camera model and on the pixel position of the control
object in the image. In the fourth step 5130, two Euler angles of the camera attitude can
be estimated by speculating about the value of the third Euler angle. For example, the
third Euler angle (vaw) may be considered equal to zero. The equations provided by the

camera model expressed on the control object are:

cos{Flv,) sin(Az,) 4
cos{Elv,)cos(Azg) | ~ R(roll, pitch, 0) « K1 IR,
sin{Azy) 1.

These equations enable to compute a pitch and roll values and therefore provide
an estimation of the camera attitude. It is noted that when the image is a panorama, a
global rotation matrix may be obtained by multiplying the above rotation matrix by a
rotation matrix representing the controlled modification of the camera orientation that

created the panorama. In some embodiments, the rotation matrix from the camera
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attitude acquiring one image to the camera attitude acquiring another image can be
determined using tmage processing, for example by determining tic points common in
two adjacent images to obtain the transformations between two images.

In a fifth step 5148, the target direction from the camera to the target T may be
computed using the camera model, the camera attitude and a pixel position of the target

m the image by mverting the system provided by the camera model:

cos(Elvp)sm{dzr) 1 o
cos{Elvy) cos(Azp) |~ R{roll, pitch, 0) » K7 {R;
sin{Azr) » o

In some embodiments, the image may also include an additional control object
and the method may further comprise the steps of receiving additional position data
regarding the at least one additional control object using the satellite positioning system;
deternuning at least one additional control direction from the camera to the at least one
additional control object in the ground referential using said additional position data;
refining the camera attitude using the at least one additional control direction; and
refining the target direction from the camera to the target using the refined camera
attitude. The refining of the camera attitude may comprse the steps of | estimating the
at least one additional control direction based on the estimated camera attitude and on a
pixel position of the additional control object on the image; comparing the estimated at
least onc additional control dircction to the at lcast onc additional control direction
determined based on the additional position data to obtain a direction disagreement
vector; and computing a correction rotation matrix to minimize the direction
disagreement vector.

With an additional control object B it may also be possible to determine the
camera attitude directly from the equations provided by the camera model at the two

control objects without speculating on the value of one of the Euler angles:

cos (Blvy)sm (Azy) Cy
cos (Elvyjcos (Azyy |~ R{roll, prich, yaw) « K1 {R,
sin (Azy) ] L1

cos (Elvg)sm (Azg) |~ s
cos (Hlvg)cos (Azg) | ~ R(roll, pitch, yaw) » K~ iRy
s {Azgp) » 1.
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Indeed, the camera model thersby provides four equations for solving three
parameters which can therefore be determined. K is noted that more control objects may
be useful to improve the accuracy by for example trving 1o correct certain deficiencies
in the camera model parameters. For example, it may enable to solve optical aberrations

{s, 0o,1p) of the camera model.

h

In the case the camera is provided with a level mstrument, the vaw and pitch of

the camera can be determined without calculation.
Fig. 4 illustrates an exemplary embodiment in which the previously desenbed
method may be used to acquire a panorama 180 including two contro! objects A, B and
10 three targets Ty, Tz, T As illustrated, an advantage of the method may be that the
targets can be at a further distance than the control objects. For example, the control
objects can be at a hundred meters from the camera and the targets may be at several
kilometers. Furthermore, as illustrated, the target and the control objects mav be
widespread (not in the FOV of one mmage) in the field of view of the camera because the
{5 panorama cnables to increase the area seen by the camera. The method is heremnbelow
repeated using different words for trying to olartfy certain aspects. The method may
corapnse installing a GPS receiver on the camera and calibrating between the antenna
center of the recetver and the optical center of the camera. The method may further
comprise mstalling the camera on a tripod and setting up a second receiver near by (for
20 exaraple tens of meters) and acquiring a first picture of the second recerver. The method
may comprise setting up a third receiver and acquining a second picture of the third
receiver. The first and second picture may overlap. A rotation matrix between the
camera attitude acquiring the first picture and the camera attitude acquiring the second

picture may be determined by itmage processing. Thereaticr, using the GPS

N2
2

measurement from the three receivers, a hine of sight (direction) from the camera to the
second receiver and a line of sight from the camera to the third receiver may be
determuned and an absolute hine of sight of the panorama can be computed. The
panorama may further be enlarged to include targets which would not be already present

m the image. The targets may be kilometers away from the camera. The pixel location

(3
<

of the target in the pancrama mav be determined and using the line of sight of the
panorama and the pixel location of the target, the line of sight of the target may be

computed.
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Advantagecusly, it s noted that no GPS base stations are required for
mplementing the described method. Therefore, assuming that GPS {more generally
GNSS) 15 available, the desceribed method 13 autonomous. The method provides an
absolute line of sight determination of targets and has an accuracy in the range from
tens {0 500 micro-radians (depending on the equipment) using simple tools {tripod,
camera, singie frequency GPS receiver) with no sophisticated mechanical components.
It is possible to get even better accuracies. For example when the distance between the
GNSS receivers s increased and/or when the camera has a large amount of pixels etc)
The set up of the camera can be done using measurement(s) within a hundred meters
from the camera.

Advantageously, after set-up, the camera can be handheld if dealing with remote
targets because the angular change would be negligible.

While certain features of the invention have been illustrated and described
heremn, many modifications, substitutions, changes, and equivalents will now occur to
those of ordmary skill in the art. | 1s, therefore, 1o be understood that the appended
claims are intended to cover all such modifications and changes as fall within the true
spirit of the invention.

It will be appreciated that the embodiments described above are cited by way of
example, and various featores thereof and combinations of these features can be varied
and modified.

While various embodiments have been shown and described, it will be
understood that there is no mtent to hout the mvention by such disclosure, but rather, it
is intended to cover all modifications and alternate constructions falling within the
scope of the invention, as defined in the appended claims.

it will also be understood that the system according to the presently disclosed
subject matter can be implemented, at least partly, as a suitably programmed computer.
Likewise, the presently disclosed subject matter contemplates a computer program
being readabie by a computer for executing the disclosed method. The presently
disclosed subject matier further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

disclosed method.
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CLAIMS:

1. A method of determining a direction of a target in a ground referential, the

method comprising:

- acquiring an image of a scene including the target and a control object using
a camera;

- obtaining position data of the camera and control object using a geo-spatial
positioning system;

- determining a control direction from the camera to the control object in the
ground referential using said position data;

- estimating a camera attitude in the ground referential using the control
direction;

- determining the target direction from the camera to the target using the

estimated camera attitude and a pixel position of the target in the image.

2. The method according to claim 1, further comprising leveling of the camera
using a level instrument and wherein estimating the camera attitude is performed using

the lcvceling of the camera.

3. The method according to any one of claims 1 or 2, wherein the image further

includes at least one additional control object, the method further comprises:

- obtaining additional position data regarding the at least one additional
control object using the geo-spatial positioning system;

- determining at least one additional control direction from the camera to the
at least one additional control object in the ground referential using said
additional position data; and wherein estimating the camera attitude is

performed using the at least one additional control direction.

4. The method according to claim 3, wherein estimating the camera attitude using
the at least one additional control direction comprises refining the estimated camera

attitude using the at least one additional control direction by:

Date Regue/Date Received 2021-01-13
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- cstimating the at least one additional control direction based on the estimated
camera attitude and on a pixel position of the additional control object on the
image;

- comparing the at least one estimated additional control direction to the at
Ieast one additional control direction determined based on the additional
position data to obtain a direction disagreement vector;

- computing a correction rotation matrix to minimize the direction

disagreement vector.

5. The method according to claim 3, wherein estimating the camera attitude using
the at least one additional control direction comprises solving equations provided by a

camera model applied at the two control objects.

6. The method according to any one of claims 1 to 5, wherein acquiring the image

comprises:

- capturing a plurality of overlapping clementary images by modifying an
orientation of the camera so as to scan a predetermined arca of the scene, and

- forming a panoramic imagc by mosaicing of thc clementary imagcs.

7. The method according to claim 6, wherein the control object and the target

belong to different elementary images.

8. The method according to any one of claims 6 or 7, wherein the image further
includes at least one additional control object, wherein the method further comprises
obtaining additional position data regarding the at least one additional control object
using the geo-spatial positioning system, determining at least one additional control
direction from the camera to the at least onc additional control object in the ground
referential using said additional position data, wherein estimating the camera attitude is
performed using the at least one additional control direction and wherein the at least one

additional control object and the control object belong to different clementary images.

9. The method according to any one of claims 1 to 8, wherein the ground

referential is a East, North, Up referential centered on the camera position.

Date Regue/Date Received 2021-01-13
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10.  The method according to any one of claims 1 to 9, wherein the geo-spatial

positioning system is a Global Navigation Satellite System (GNSS).

11.  The method according to claim 10, wherein the position data are provided using

only the camera and the Global Navigation Satellite System.

12. A surveying module for determining a direction of a target in a ground

referential, the surveying module comprising:

- an image input unit configured for receiving an image of a scene including
the target and a control object, the image being acquired using a camera;
- a position data input unit configured for receiving position data of the
camera and of the control object from a geo-spatial positioning system; and
- atarget direction processing unit configured for:
= determining a control direction from the camera to the control object in
the ground referential using said position data;
= estimating a camera attitude in the ground referential using the control
direction; and
= dctermining the target dircection from the camera to the target using the

estimated camera attitude and a pixel position of the target in the image.

13. The surveying module according to claim 12, wherein the target direction
processing unit is further configured for, when the image received by the image input
unit further includes at least one additional control object and the position data received
by the position data input unit further includes additional position data of the at least

one additional control object:

- determining at least one additional control direction from the camera to the
at least one additional control object in the ground referential using said

additional position data; and

wherein estimating the camera attitude is performed using the at least one

additional control direction.

Date Regue/Date Received 2021-01-13
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14. A surveying system comprising:

- a camera including a geo-spatial position receiver configured for receiving
position signals from a geo-spatial positioning system and a geo-spatial
position processor for determining camera position data from said position
signals; and

- asurveying module according to any one of claims 12 or 13.
15.  The surveying system of claim 14, further comprising:

a control object with a known elevation and azimuth and including a geo-
spatial position receiver configured for receiving position signals of the control

object from the geo-spatial positioning system, and

a communication unit configured for transferring said position signals to
the geo-spatial position processor, the geo-spatial position processor being
further configured for determining position data of the control object from said

control object position signals.

Date Regue/Date Received 2021-01-13
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Acquiring an image of a scene including atarget |- s100
and a control object

Receiving position data of the camera and control | - 5110
object

Determining a LOS to the control object ksno

Determining a camera attitude based on the control | _ <135
object LOS

l

Determining a 1.OS to the target based onthe | gq40
camera attitude
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