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(57) Abrege/Abstract:
The position and the attitude of a device or a member are determined. A camera 115, In which exterior orientation parameters are
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ABSTRACT

The position and the attitude of a device or a member are determined.
A camera 115, in which exterior orientation parameters are not determined, 1s
photographed by a camera 113, in which exterior orientation parameters 1n an
IMU coordinate system are determined. The camera 115 is rotatable around a
shaft, in which the direction of the rotational shaft is preliminarily set, and a
distance between the camera 113 and the camera 115 is known. In this
condition, by analyzing the image of the camera 115 photographed by the
camera 113, the exterior orientation parameters of the camera 115 are

calculated.
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IMAGE PROCESSING DEVICE,

IMAGE PROCESSING METHOD, AND PROGRAM THEREFOR

BACKGROUND OF THE INVENTION
Technical Field
The present invention relates to a technique of determining the position

and the attitude of a device or a member.
Background Art

A technique for obtaining spatial information for maps and the like 1s
publicly known as disclosed in, for example, Japanese Unexamined Patent
Application Laid-Open No. 2013-40886. In this technique, while a vehicle,
which is equipped with an IMU (Inertial Measurement Unit) and an optical
device such as a camera and a laser scanner, travels, the location of the vehicle
1S measur!ed by the IMU, and the surrounding conditions of the vehicle are
simultaneously measured by the optical device.

In this technique, exterior orientation parameters (position and attitude)
of the camera or the laser scanner must be known in advance. In general, an

IMU, a camera, a laser scanner, and the like, are preinstalled in a factory, and

procedures (calibration) for determining the exterior orientation parameters are
performed. However, there may be cases in which a user desires to set or

change the position and the attitude of the camera or the laser scanner himself or

herself.

In this case, calibration must be performed after fixing of the camera or

the laser scanner to the vehicle is completed. At that time, the work etfticiency
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of the calibration is improved if the position and the attitude of the camera or

the laser scanner are approximately determined.

SUMMARY OF THE INVENTION

In view of these circumstances, an object of the present invention 1s to
provide a technique for easily determining the position and the attitude of a
device or a member.

A first aspect of the present invention has an image processing device
including an image data receiving circuit and an exterior orientation parameter
calculating circuit. The image data receiving circuit having a structure that
receives data of an image obtained by photographing a device or a member, in
which exterior orientation parameters in a predetermined coordinate system are
unknown, with a reference camera in which exterior orientation parameters in
the predetermined coordinate system are determined. The exterior orientation
parameter calculating circuit having a structure that calculates the exterior
orientation parameters in the predetermined coordinate system of the device or
the member based on the photographed image. The device or the member 1s
rotatable around a rotation shaft which is in a predetermined direction. The
exterior orientation parameters in the predetermined coordinate system of the
device or the member are calculated after a distance between the reterence
camera and the device or the member is determined.

The device or the member of the present invention, in which the
exterior orientation parameters are unknown, includes various optical devices

such as a camera and a laser scanner, electronic devices in which information of
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the located position is important (for example, a GPS antenna and a GNSS
antenna), inertial measurement units in which information of the position and
the attitude is important, and members to which these devices are fixed (such as
a board-like member as a base). Moreover, the above device also includes a
directional antenna, an ultrasonic measuring device, and the like, in which the
position and the attitude are important. The exterior orientation parameters are
defined as parameters which determine the position and the attitude of a target
device or a target member. In addition, the exterior orientation parameters of a
device or a member, in which the attitude thereof is not important, are defined
as elements which determine the position of the device or the member.

According to a second aspect of the present invention, in the first
aspect of the present invention, the distance between the reference camera and
the device or the member is a distance L between the reference camera and a
specific portion of the device or the member. The exterior orientation
parameter calculating circuit determines a direction from the reference camera
to the specific portion based on image coordinate values of the specific portion
of the device or the member in the photographed image. The exterior

orientation parameter calculating circuit then calculates the position In the

predetermined coordinate system of the specific portion from the direction and

the distance L.

According to a third aspect of the present invention, in the second

aspect of the present invention, an attitude in the predetermined coordinate
system of the device or the member 1s calculated by selecting the specitic

portion at two points.
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A fourth aspect of the present invention has an image processing

method including receiving data of an image and calculating exterior orientation
parameters. The image is obtained by photographing a device or a member, in
which exterior orientation parameters in a predetermined coordinate system are
unknown, with a reference camera in which exterior orientation parameters in
the predetermined coordinate system are determined. The exterior orientation
parameters are calculated in the predetermined coordinate system of the device
or the member based on the photographed image. In this case, the device or
the member is rotatable around a rotation shaft which is in a predetermined
direction. The exterior orientation parameters in the predetermined coordinate
system of the device or the member are calculated after a distance between the
reference camera and the device or the member is determined.

A fifth aspect of the present invention has a recording medium in which
a program read and executed by a computer is stored. The program allows the
computer to receive data of an image obtained by photographing a device or a
member, in which exterior orientation parameters in a predetermined coordinate
system are unknown, with a reference camera, in which exterior orientation

parameters in the predetermined coordinate system are determined, and to
calculate the exterior orientation parameters in the predetermined coordinate

system of the device or the member based on the photographed image. In this

case, the device or the member is rotatable around a rotation shaft that 1s In a
predetermined direction. The exterior orientation parameters in the
predetermined coordinate system of the device or the member are calculated

after a distance between the reference camera and the device or the member 1s

4
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determined.

According to the present invention, the position and the attitude of a

device or a member are easily determined.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a schematic drawing of an embodiment.

Fig. 2 is a block diagram of a processing part.
Fig. 3 is a schematic drawing showing a photographed image.

Fig. 4 is a schematic drawing showing a positional relationship

between two cameras.

PREFERRED EMBODIMENTS OF THE INVENTION
1. First Embodiment

Structure

Fig. 1 shows a schematic drawing of an embodiment. Fig. 1 shows a
vehicle 100 mounted with a measuring system 110. The measuring system 110
has a base 117 on which a GNSS unit 111, a processing part 112, a camera 113,

an IMU unit 114, and a camera 115 are mounted.

The base 117 is fixed on the vehicle 100, whereby the measuring
system 110 is mounted on the vehicle 100. The GNSS unit 111, the processing

part 112, the camera 113, the IMU unit 114, and the camera 115 are secured to

the vehicle 100 via the base 117.

The GNSS unit 111 receives navigation signals from a navigation
satellite forming a GNSS (Global Navigation Satellite System) and outputs its
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location information and time information, which is calibrated and has high
precision. The processing part 112 has a calculation function, described later.

The camera 113 is secured toward a front side of the vehicle 100 and
photographs a moving image of the front side of the vehicle 100. Exterior
orientation parameters of the camera 113 with respect to the vehicle 100 (IMU
114) are determined beforehand. As the camera 113, a panoramic camera,
which photographs conditions in 360 degrees, or a wide-angle camera, which
photographs a wide angle range, may be used.

The IMU 114 is an inertial measurement unit, and 1t detects
acceleration and measures its change of location and direction. The position
and the attitude of the IMU 114 with respect to the vehicle 100 are determined
beforehand. In this example, the position of the IMU 114 is used as the
location of the vehicle 100. The IMU 114 is preliminarily calibrated based on
a ground coordinate system. The ground coordinate system is an absolute
coordinate system fixed relative to the ground and is a three-dimensional
orthogonal coordinate system that describes the location on the ground, which 1s
measured by the GNSS unit 111.  Moreover, the IMU 114 is calibrated at
predetermined timing based on the positional information and the time
information, which are obtained from the GNSS unit 111.

The camera 115 is capable of photographing a moving image, and it 1s
rotatable in a horizontal plane and is fixable in a direction desired by a user.

The camera 115 has a rotation shaft, in which the direction is fixed (fixed in a

vertical direction), but can be positioned freely as desired by a user. ~Theretore,

exterior orientation parameters of the camera 115 with respect to the IMU 114

6
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are not clearly determined immediately after the camera 115 is mounted to the
vehicle. In this example, the position of a rotation center P; 1s used as the
position of the camera 115. While the position of the rotation center P 1s
unknown, a distance L from the camera 113 to the rotation center P, 1s known

by setting or measuring it beforehand.

The processing part 112, the camera 113, the IMU 114, and the camera
115 are provided with a synchronizing signal using GNSS from the GNSS unit
111, and they operate synchronously.

The processing part 112 is hardware that functions as a computer and

includes a CPU, a memory, a variety of interfaces, and other necessary

electronic circuits. The processing part 112 can be understood to be hardware
including each functioning unit shown in Fig. 2.  Each of the functioning units
shown in Fig. 2 may be constructed of software, or one or a plurality of the
functioning units may be constructed of dedicated hardware. Programs for

executing the function of the processing part 112 are stored in the memory of
the processing part 112. This memory also stores data relating to the exterior

orientation parameters and the like of the camera 113, etc., which are obtained

in advance. It should be noted that the program for executing the processing

part 112 may be stored in an external storage media and be provided therefrom.

Moreover, each of the functioning units shown in Fig. 2 may be constructed of a

dedicated operational circuit. The functioning unit constructed of software and

the functioning unit constructed of a dedicated operational circuit may be used
together. For example, each of the functioning units can be tormed of an
electronic circuit such as a CPU (Central Processing Unit), an ASIC

7
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(Application Specific Integrated Circuit), a PLD (Programmable Logic Device)

such as a FPGA (Field Programmable Gate Array), or the like.

The processing part 112 includes an image data receiving unit 121 and
an exterior orientation parameter calculating unit 122. The image data
receiving unit 121 receives data of images from the cameras 113 and 115.  'The
exterior orientation parameter calculating unit 122 calculates the exterior -
orientation parameters of the camera 115 based on the image that 1s
photographed by the camera 113.  Although not shown in the tigures, the
processing part 112 has a function for obtaining three-dimensional data of the
surrounding circumstances where the vehicle 100 has traveled, based on, for
example, the data of the ifnages obtained by the cameras 113 and 115. By
using this three-dimensional data, a three-dimensional model of the conditions
through which the vehicle 100 has traveled can be generated.

Calculation of Exterior Orientation Parameters of Camera 115

Fig. 3 is a schematic drawing showing the content of an image that 1s

photographed by the camera 113. Fig. 4 is a schematic drawing showing a

positional relationship between the cameras 113 and 115. It should be noted

that the IMU 114 is omitted in Fig. 4.

An example of a processing performed by the exterior orientation
parameter calculating unit 122 will be described hereinafter. Here, the exterior
orientation parameters of the camera 115 with respect to the IMU 114 are
calculated in conditions in which the direction of the rotation shaft of the
camera 115 and the distance L from the camera 113 to the camera 115 are

already known. The camera 115 includes a mark for indicating a rotation

3
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center P; and a mark for indicating a point P, near an end of the camera 115,

which are provided on a top surface thereof. The position of the camera 115 1s

determined by the rotation center P;.

First, the camera 115 is photographed by the camera 113. Fig. 3
shows a condition within a visual field for the photographed image. After an
image as shown in Fig. 3 is obtained, image coordinate values (pixel coordinate
values) of the rotation center Py are obtained, and directional unit vector (P,ex,
P,ey, P;ez), which represents direction from the camera 113 to the rotation
center P;, is obtained based on the image coordinate values. That 1s, 1f the
image coordinate values (position in the image) of the rotation center P; are
determined, the direction of the rotation center P; from the camera 113 1s
determined. The unit vector specifying the direction of the rotation center P,
from the camera 113 is directional unit vector (Piex, Pey, Pyez). The
directional unit vector (P;ex, P;ey, Pjez) is unit vector that specities the
direction from the camera 113 to the rotation center P, in a coordinate system of
the reference camera. Since the distance L from the camera 113 to the rotation
center P, is known beforehand, coordinate values (P;x, Py, P,z) of the rotation

center P; in the coordinate system (reference camera coordinate system) used in

the camera 113 are calculated from the direction sof the directional unit vector

and the distance L.

Since the direction of the rotation shaft of the camera 115 1s set in
advance, a rotational plane of the camera 115 in the reference camera coordinate
system is defined by using the coordinate values (Px, Py, P1z) of the rotation

center P, in the reference camera coordinate system. The formula for the

9
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rotational plane is expressed as the following First Formula in which rotation
shaft vector of the camera 115 is expressed as (NPx, NPy, NP,z).

First Formula

NPx(x — Px) + NBy(y - Py) + NPz(z — Bz) =0

Next, coordinate values (P»x, P,y, P»z) of the point P; in the reference
camera coordinate system are calculated as follows. First, directional unit
vector (P,ex, P,ey, Poez) of the point P, identified in the image 1s obtained based
on image coordinate values of the point P». The directional unit vector (P,ex,
P,ey, P,ez) is unit vector that specifies the direction from the camera 113 to the
point P, in the reference camera coordinate system.

Here, if a distance from the camera 113 to the point P, is expressed as k,
which is unknown at this stage, the coordinate values of the point P; in the
reference camera coordinate system are (k-Pyex, k-P,ey, k-P,ez). Since the
point P, is a point in the rotational plane expressed by the First Formula, the
First Formula holds even by substituting the coordinate values of the point P,
for the First Formula. Therefore, the following Second Formula is established
by substituting the symbols (X, y, z) in the First Formula with the coordinate
values (k-P,ex, k-Pyey, k-P,ez).

Second Formula

NPx(k- Pex — P,x)+ NRy(k-Pyey — Fy)+ NPz(k-Pez—PFz)=0

Since the unknown value is the distance k from the camera 113 to the

point P, in the Second Formula, the value of k is calculated from the Second

10



CA 02901655 2015-08-25

Formula. When a point is shifted from the camera 113 in the direction of (P,ex,
P,ey, Poez) by the distance k, the point corresponds to the point P,, whereby the
coordinate values (P,x, P»y, P»z) in the reference camera coordinate system of
the point P, are expressed by the following Third Formula.

Third Formula

(P,x, P,y, P,z)= (k * P,ex, k * Pey, k * Pyez)

In the Third Formula, the values of (P,ex, P,ey, P»ez) are obtained
based on the image coordinate values of the point P,, and the distance k 1s
calculated from the Second Formula. Therefore, the coordinate values (Px,
P,y, P,z) of the point P, are calculated. Here, the Third Formula 1s described
based on the coordinate system of the camera 113 (reference camera coordinate
system). Since the exterior orientation parameters of the camera 113 with
respect to the IMU 114, that is, the position and the attitude in the IMU
coordinate system (coordinate system used in the IMU 114) of the camera 113
are known beforehand, the coordinate system of the Third Formula 1s converted

into the IMU coordinate system. This also applies in the case of the coordinate
values (P;x, Py, P1z) of the rotation center Py. Thus, the coordinate values of

the rotation center P, and the point P; in the IMU coordinate system are

calculated.

By calculating the coordinate values of the rotation center P, in the
IMU coordinate system, the position in the IMU coordinate system ot the

camera 115 is determined. In addition, the direction in the IMU coordinate

11



CA 02901655 2015-08-25

system of the camera 115 is determined from the coordinate values of the
rotation center P; and the point P,.  Thus, the exterior orientation parameters
(position and attitude) of the camera 115 with respect to the IMU 114 are
calculated.

The calculation of the exterior orientation parameters of the camera 115
based on the image photographed by the camera 113 is not very precise and may
include errors in many cases. However, in a processing for obtaining accurate
exterior orientation parameters, the processing speed and the precision can be
improved by providing initial values, even though they are approximate values.
Accordingly, as a manner of utilizing the present invention, approximate
exterior orientation parameters may be calculated by using the present invention
and be used as initial values, and then a processing for calculating exterior
orientation parameters with higher precision may be performed.

2. Second Embodiment

The present invention can also be utilized 1n the case in which the
position of the rotation center P, is known beforehand in the First Embodiment.
In this case, by performing the calculation of the First Formula and the
subsequent Formulas, the attitude in the IMU coordinate system of the camera
115 is calculated.

3. Other Matters

The device in which exterior orientation parameters are to be calculated
'« not limited to the camera and may be a laser scanner. The present invention
can also be utilized for calculating the position of the GNSS antenna. In this
case, the GNSS antenna is photographed, and then the position in the IMU

12
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coordinate system of the GNSS antenna is calculated based on the photographed
Image.

A characteristic portion, such as an edge portion or the like, of the
camera 115 may be detected as a point P or a point P, instead of determining
the position of the mark. This also applies to the case in which another device
such as a laser scanner is the object to be calculated.

The distance between the camera 113 and the camera 115 may be
determined by actual measurement. As the method for actually measuring the
~ distance, a method of using, for example, laser light, the principle of
triangulation, or the like, may be described. For example, in a case of using
the principle of triangulation, a third camera is used, in which exterior
orientation parameters in the IMU coordinate system are determined, and a
stereo photograph of the camera 115 is measured by using the third camera and
the camera 113, whereby the position in the IMU coordinate system of the
camera 115 1s calculated.

The present invention can also be applied in a case of using a member,
such as a plate, on which one or more optical devices are to be fixed (or are
already fixed). In this case, the position and the attitude of the member, with

respect to the IMU coordinate system, are photographed by a camera in which

exterior orientation parameters are determined beforehand, and the position and

the attitude in the IMU coordinate system of the member are calculated from the

photographed 1mage.

For example, a case of arranging a rotatable plate instead of the camera

115 shown in Figs. 1 and 3 may be described. This plate has a rotation center

13
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P, as 1n the case of the camera 115 and is provided with a mark of a point P;.
The plate functions as a base on which cameras and/or laser scanners are to be
fixed. In this case, the position and the attitude of the plate in the IMU
coordinate system are calculated in the same manner as in the case of the
camera 115.

In recent years, technology for performing automatic driving or assisted
driving of a vehicle by obtaining surrounding three-dimensional information
from the vehicle has been publicly known. The present invention can also be
utilized for obtaining exterior orientation parameters of an on-vehicle camera
used for this technique.

The present invention can be utilized for techniques of determining

exterior orientation parameters of devices and members.

14
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What 1s claimed 1s:

1. An image processing device comprising:

an image data receiving circuit having a structure that receives data of an
image that is obtained by photographing a device or a member, in which
exterior orientation parameters in a predetermined coordinate system are
unknown, with a reference camera in which exterior orientation parameters in
the predetermined coordinate system are determined; and

an exterior orientation parameter calculating circuit having a structure that
calculates the exterior orientation parameters in the predetermined coordinate

system of the device or the member based on the photographed image,

wherein the device or the member is rotatable around a rotation shatt which
is in a predetermined direction, and the exterior orientation parameters in the
predetermined coordinate system of the device or the member are calculated

after a distance between the reference camera and the device or the member 1s

determined.

2. The image processing device according to claim 1, wherein the distance

between the reference camera and the device or the member 1s a distance L
between the reference camera and a specific portion of the device or the member,

and the exterior orientation parameter calculating circuit having a structure that

determines a direction from the reference camera to the specific portion based
on image coordinate values of the specific portion of the device or the member

in the photographed image and that calculates the position in the predetermined

15
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coordinate system of the specific portion from the direction and the distance L.

3. The image processing device according to claim 2, wherein an attitude in

the predetermined coordinate system of the device or the member is calculated

by selecting the specific portion at two points.

4. An image processing method comprising:

receiving data of an image that is obtained by photographing a device or a
member, in which exterior orientation parameters in a predetermined coordinate
system are unknown, with a reference camera in which exterior orientation
parameters in the predetermined coordinate system are determined; and

calculating the exterior orientation parameters in the predetermined
coordinate system of the device or the member based on the photographed
Image,

wherein the device or the member is rotatable around a rotation shaft which
is in a predetermined direction, and the exterior orientation parameters in the
predetermined coordinate system of the device or the member are calculated
after a distance between the reference camera and the device or the member is

determined.

5. A recording medium in which a program read and executed by a computer
is stored, the program allowing the computer to receive data of an image that 1S
obtained by photographing a device or a member, in which exterior orientation

parameters in a predetermined coordinate system are unknown, with a reference

10
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camera, in which exterior orientation parameters in the predetermined
coordinate system are determined, and to calculate the exterior orientation

parameters in the predetermined coordinate system of the device or the member

based on the photographed image,

wherein the device or the member is rotatable around a rotation shaft which
is in a predetermined direction, and the exterior orientation parameters in the
predetermined coordinate system of the device or the member are calculated
after a distance between the reference camera and the device or the member 1s

determined.

17
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Fig. 4

113

(P2ex, P:ey, P:ez)

" (Piex, Piey, Piez)
L
P2 P
B

3/3



113

N P 1 (Rotation shaft vector) 114

P 1 (Position of rotation center
: Position of camera

115

1717

Distance L
) A

I MU

112

Processing
part

1711




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

