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Abstract. In the field of artificial intelligence (AI), three-dimensional (3D)
vision system is increasingly used to obtain 3D information of targets. In this
paper, a method for measuring the azimuth of CCD camera’s apparent axis with
high precision applied to 3D vision system is proposed. The azimuth angle of
the apparent axis of CCD camera can be easily and accurately measured by
using the laser projection transfer method through the horizontal two-
dimensional turntable and the linear laser, which provides a method for 3D
vision system calibration. This paper introduced the principle of measuring
angles of the system, deduced the equation of coordinate transformation of the
system, and made systematic error analysis. The results show that the mea-
surement accuracy and reliability of this method meet the needs of 3D vision
system calibration, which is much higher than the measurement accuracy and
stability of geomagnetic sensors.
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1 Introduction

Since the 21st century, artificial intelligence technology has developed rapidly and has
been widely used in medical treatment, security, autopilot, robotics, industrial intelli-
gent manufacturing [1] and other fields. Computer vision [2], as an important branch of
artificial intelligence technology, automatically receives and processes the image of a
real object through optical devices and non-contact sensors, to obtain the required
information or devices for controlling robot or mechanical movement. As one of the
hot topics in the field of computer vision, 3D vision system is an important means of
3D perception and measurement of complex environment. Compared with traditional
2D vision system, 3D vision system can perceive and measure shapes-related features,
such as object flatness, surface area and volume, etc. 3D vision systems are generally
divided into three categories: binocular vision system [3], structured light system [4],
and time of flight (TOF) system [5].

CCD camera is the core sensor of binocular vision system and structural light
system. The azimuth of CCD camera has a decisive influence on the measurement

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2021
Published by Springer Nature Switzerland AG 2021. All Rights Reserved
S. Shi et al. (Eds.): AICON 2020, LNICST 356, pp. 437–446, 2021.
https://doi.org/10.1007/978-3-030-69066-3_38

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69066-3_38&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69066-3_38&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-69066-3_38&amp;domain=pdf
https://doi.org/10.1007/978-3-030-69066-3_38


precision of the whole 3D vision system. Therefore, accurate measurement of the
azimuth angle of the camera’s visual axis can effectively reduce the installation error of
the camera’s azimuth axis and improve the measurement accuracy of 3D vision system.
There are mainly two methods in azimuth measurement: geomagnetic sensor mea-
surement and dual-antenna GPS measurement. Geomagnetic sensor is widely used
(such as the traditional compass), but it is greatly affected by the magnetic environment
and cannot work normally in some occasions. Dual-antenna GPS needs to measure the
position information of the two antennas respectively, and then calculate the azimuth
information of the baseline, but it cannot be used because the indoor GPS signal quality
does not meet the requirements. In addition, the system takes up a large space (about
2 m of the baseline length). In response to the above needs and problems, this paper
presents a method to measure the azimuth angle of light source optical axis or camera
optical axis in the room by laser projection method, and carries out precision analysis
and test. This paper proposes a method for measuring the azimuth of the apparent axis
of CCD camera, which is applied to 3D vision system with high precision. The azimuth
of the apparent axis of CCD camera can be easily and accurately measured by using the
laser projection transfer method with the cooperation of the horizontal 2D turntable and
the linear laser.

2 Angle Measurement Principle

In order to accurate measurement and calibration the azimuth angle of machine vision
CCD, laser projection transfer method is used in this paper (see Fig. 1).

First of all, the base of the 2D turntable is fixed above the reference object, and the
linear laser A is fixed on the pitch axis of the turntable, which requires to be per-
pendicular to the azimuth axis of the turntable. The projection plane A on which the
laser from the linear laser A located is parallel to the pitch axis of the turntable. The
linear laser A select the 532 nm semiconductor laser.

Secondly, the CCD mounting plate is fixed on the tripod. The CCD and linear laser
B is fixed on the CCD mounting plate. It is required that the projection plane B where
the laser from linear laser B located is parallel to the CCD visual axis, and the linear
laser B select the 650 nm semiconductor laser.

Thirdly, set up the tripod to ensure the level of the cloud platform. Turn on the
linear laser A, and generate a red light on the horizontal ground, that is the projection
line A of plane A on the horizontal ground. Turn on the linear laser B, and a green light
is generated on the horizontal ground, that is the projection line B of plane B on the
horizontal ground.

Finally, adjust the azimuth axis of the turntable to make the projection line B (green
light) parallel to the projection line A (red light); Adjust the pitch axis of the turntable
to make the projection line A coincide with the projection line B. In this case, the angle
value output by the azimuth axis angle encoder of the turntable is the azimuth angle of
the CCD visual axis.
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3 Transformation of Coordinates

Let the coordinate system of the 2D turntable be OX1Y1Z1, and the turntable be hung
upside down in the room. OX3Y3Z3 is the CCD coordinate system. In order to realize
the transformation from 2D rotary coordinate system to CCD coordinate system, the
transition coordinate system is established. The coordinate system definition is shown
in the Fig. 2.

The vector measured by the 2D turntable needs to be converted to the CCD
coordinate system through multiple coordinate transformations to obtain the azimuth
Angle parameters for CCD modeling. Suppose the coordinate of the particle in
OX1Y1Z1 is x1; y1; z1ð Þ, rotate 180° about the z1 axis to obtain the coordinate system

Fig. 1. System diagram.

Fig. 2. Transformation coordinate system.
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OX2Y2Z2, which is x2; y2; z2ð Þ, and then rotate 180° about the y2 axis to obtain the
coordinate system OX3Y3Z3 and the coordinate of the particle is x3; y3; z3ð Þ.The
coordinate transformation matrix model is established.

x2 ¼ x1Cx2x1 þ y1Cx2y1 þ z1Cx2z1
y2 ¼ x1Cy2x1 þ y1Cy2y1 þ z1Cy2z1
z2 ¼ x1Cz2x1 þ y1Cz2y1 þ z1Cz2z1

8<
: ð1Þ

Let me write it as a matrix operation.

x2
y2
z2

¼
Cx2x1 Cx2y1 Cx2z1
Cy2x1 Cy2y1 Cy2z1
Cz2x1 Cz2y1 Cz2z1

2
4

3
5 x1

y1
z1

2
4

3
5 ð2Þ

In both formulas, Ci1j2 (i = x, y, z; j = x, y, z) is the cosine of the projection of x1,
y1, z1 onto the coordinate axis OX2Y2Z2.

r2 ¼
x2
y2
z2

2
4

3
5; r1 ¼

x1
y1
z1

2
4

3
5; C2

1

Cx2x1 Cx2y1 Cx2z1
Cy2x1 Cy2y1 Cy2z1
Cz2x1 Cz2y1 Cz2z1

2
4

3
5 ð3Þ

The above equation has been simplified.

r2 ¼ C2
1r

1 ð4Þ

Where r1 is the projection of the r vector onto the x2 axis, r1 is the projection of the
r vector onto the x1 axis. C2

1 is the transformation direction cosine matrix.
Then the coordinate system OX1Y1Z1 rotates about the Z axis, and the cosine

conversion matrix to the direction of the coordinate system OX2Y2Z2 is:

C2
1 ¼

cosa sina 0
�sina cosa 0
0 0 1

2
4

3
5 ð5Þ

The cosine transformation matrix in the direction of frame OX2Y2Z2, which is
rotated about the Y-axis, to frame OX3Y3Z3 is:

C3
2 ¼

cosb 0 �sinb
0 1 0

sinb 0 cosb

2
4

3
5 ð5Þ

The conversion matrix from coordinate OX1Y1Z1 to coordinate OX3Y3Z3 is:

C3
1 ¼ C3

2C
2
1 ð6Þ
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Let r3 be the final converted vector of the coordinate system OX3Y3Z3, and the
coordinate transformation equation is obtained.

r3 ¼ C3
1r

1 ð7Þ

Substitute in the rotation Angle, which is represented by matrix operation.

x3
y3
z3

2
4

3
5 ¼

1 0 0
0 �1 0
0 0 �1

2
4

3
5 x1

y1
z1

2
4

3
5 ð8Þ

Arrange to get:

x3
y3
z3

2
4

3
5 ¼

1 0 0
0 �1 0
0 0 �1

2
4

3
5 x1

y1
z1

2
4

3
5 ¼

x1
�y1
�z1

2
4

3
5 ð9Þ

After deriving the coordinate transformation, the azimuth and the pitch Angle are
respectively:

a ¼ �arctan
x1
y1

ð10Þ

b ¼ �arctan
z1ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x21 þ y21

2
p ð11Þ

4 Error Analysis

4.1 Installation Error

If the azimuth axis deflects a angle around the X axis, the angle error of projection on
the XOY plane was analyzed.

According to the parametric equation of the circle in the space coordinate system:

x hð Þ ¼ cx þ rðaxcoshþ bxsinhÞ
y hð Þ ¼ cy þ rðaycoshþ bysinhÞ
z hð Þ ¼ cz þ rðazcoshþ bzsinhÞ

8<
: ð12Þ

Where, Cðcx; cy; czÞ is the center of the circle, r is the radius of the circle, vector
a ¼ ðax; ay; azÞ and vector b ¼ ðbx; by; bzÞ are orthogonal unit vectors on the plane of
the circle.
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To simplify the calculation, considering that the center of the circle C cx; cy; cz
� �

is
the origin of coordinates ð0; 0; 0Þ, the radius r ¼ 1. Let’s think about the rotation angle a
of the circle x2 þ y2 ¼ 1 around the X-axis, so the normal vector n ¼ ð0;�sina; cosaÞ of
the circle, the two orthogonal vectors perpendicular to the normal vector can be
expressed as vector a ¼ ð1; 0; 0Þ and vector b ¼ ð0; cosa; sinaÞ. Therefore, the circle
considered here is shown in Fig. 3. The parametric equation is specifically expressed as:

x hð Þ ¼ cosh
y hð Þ ¼ cosa � sinh
z hð Þ ¼ sina � sinh

8<
: ð13Þ

The initial angle h1 is defined as the included angle between the initial measure-

ment angle pointing (OA
�!

) and the rotation axis (X axis) of the installation rotation error
angle a, and the measurement angle h2 is defined as the included angle between the

secondary measurement angle pointing (OB
�!

) and the rotation axis (X axis) of the
installation rotation error angle a. Therefore, the coordinates of point A can be
expressed as A cosh1; cosasinh1; sina � sinh1ð Þ, the coordinates of point B as
Bðcosh2; cosasinh2; sina � sinh2Þ, and the projection of points A and B on the XOY
plane as A0 cosh1; cosasinh1; 0ð Þ and B0 cosh2; cosasinh2; 0ð Þ. According to the included

angle formula of vectors, the included angle of vector OA
�!

and OB
�!

is

u ¼ cos�1 OA
�!

�OB
�!

OA
�!���

���� OB�!���
���

0
@

1
A ¼ h2 � h1, and the included Angle of vector OA0��!

and OB0��!
is

u0, which can be expressed as:

Fig. 3. Azimuth axis installation error model.
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u0 ¼ cos�1 OA0��! � OB0��!
OA0��!���

��� � OB0��!���
���

0
B@

1
CA

¼ cos�1 cosh1cosh2 þ cosað Þ2sinh1sinh2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cosh1ð Þ2 þ cosað Þ2 sinh1ð Þ2

q
�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
cosh2ð Þ2 þ cosað Þ2 sinh2ð Þ2

q
2
64

3
75

ð14Þ

Based on the above error model, when a ¼ 1mrad, the initial angle h1 2 0; pð Þ and
the code rotation u 2 0; pð Þ, the value range of angle measurement error was analyzed.
The numerical analysis results are shown as Fig. 4.

When there is 1mrad installation error in the azimuth axis and horizontal plane of
the turntable, the actual angular measurement error is between 0 lrad to 0.5 lrad.
When the initial azimuth angle was p=4 or 3p=4 and the azimuth displacement was
p=2, the angular error d1 was the maximum, with a maximum of 0.5 rad.

Analyze the relationship between the maximum error value of angle measurement
1 mad and the installation error Angle under the conditions of 1 mard–100 mrad, and
the results are shown in Fig. 5.

Fig. 4. Angle measurement error analysis.
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4.2 Measurement Error

It is assumed that the linear laser projection on the turntable is L1, the linear laser pro-
jection on the CCD is L2, the coincidence part is L3, and the Angle between L1 and L2 is a.

Let the human eye resolution be a, and it can be seen from the Fig. 6 that the
included Angle between L1 and L2 is the measurement error Angle of line projection.

d ¼ 2tan�1 a
L3

ð15Þ

According to Rayleigh criterion, the resolution limit Angle of human eyes is:

h ¼ 1:22 � k
D

ð16Þ

Where D is the pupil size of the human eye, and k is the working wavelength of
light. When D = 3 mm, then the limit resolution Angle of human eyes h is 0.264 mrad.
Therefore, when the observation distance is 0.5 m, the human eye resolution limit
distance B is 0.132 mm. In this paper, we take the human eye resolution distance A
under normal conditions as:

a ¼ n � b n ¼ 1:5ð Þ ¼ 0:198 � 0:2mm ð17Þ

Fig. 5. Relationship between maximum Angle measurement error and installation error.
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Based on the above error model, the human eye resolution a is 0.2 mm respec-
tively, and the curve of coincidence length L3 and measurement error Angle d is
established as Fig. 6.

It can be concluded that the measurement error angle decreases with the increase of
coincidence length and resolution. When the human eye resolution is 0.2 mm and
coincidence length is 3 m, the error angle d is 0.13 mrad. Therefore, the thinner the
projection line, the clearer the boundary, the more obvious the contrast, the larger the
coincidence area, and the smaller the measurement error angle.

5 Conclusion

In this paper, the linear laser alignment measurement method is applied to the 3D
vision system, the projection characteristics and measurement methods of the two-
dimensional platform are systematically analyzed, and the measurement mathematical
model is obtained through coordinate transformation. Of two-dimensional horizontal
rotary table with CCD camera produces in the process of laser projection alignment
error factors are analyzed and the simulation, the main error is divided into the
installation error and measurement error, the overall error is less than 0.13 mrad, the
device has simple and reliable, the advantages of high precision and reliability, to
improve the measurement precision of 3D-vision system has important significance.

Fig. 6. Measurement error angle.

Research on Azimuth Measurement Method of CCD Camera 445



Acknowledgement. This work is supported by the project “The Verification Platform of Multi-
tier Coverage Communication Network for oceans (LZC0020)”.

References

1. Bengio, Y.F.: Learning deep architectures for AI. Found. Trends Mach. Learn. 2(1), 1–127
(2009)

2. Parker, J.R.F.: Algorithms for Image Processing and Computer Vision. Wiley, Hoboken
(2010)

3. Choi, S.M.F., Lim, E.G.S., Cho, J.I.T.: Stereo vision system and stereo vision processing
method. (2012)

4. Salvi, J.F., Fernandez, S.S., Pribanic, T.T.: A state of the art in structured light patterns for
surface profilometry. Pattern Recogn. 43(8), 2666–2680 (2010)

5. Myllyl, R.F., Marszalec, J.S., Kostamovaara, J.T.: Imaging distance measurements using TOF
lidar. J. Opt. (1998)

446 Y. He et al.


	Research on Azimuth Measurement Method of CCD Camera Based on Computer 3D Vision System
	Abstract
	1 Introduction
	2 Angle Measurement Principle
	3 Transformation of Coordinates
	4 Error Analysis
	4.1 Installation Error
	4.2 Measurement Error

	5 Conclusion
	Acknowledgement
	References




