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Abstract. In order to solve the problems of small measurement range,
large error and low efficiency of laboratory optical field angle testing, a
high-precision, easy -operating, high-efficient, and widely used horizontal
field angle test method is proposed. It comes to a conclusion that the test
method can reduce the experimental error through the analysis of the
principle of the field of view error and the calculation of laboratory
simulation. The simulation results show that for cameras with a field of
view of more than 150 degrees, the measurement error can be reduced by
37 degrees, and when the field of view of the camera under test is close to
170 degrees, the method can reduce the measurement error by nearly 54
degrees. Meanwhile, a wide-range horizontal field angle measurement
method is proposed. The camera under test is moved on the supporting
mobile platform to image the target test board, and then the imaging target
is read by reading the scale value on the test board calculates the angle of
the camera under test. This method can effectively avoid the measurement
error of the angle caused by the distance between the center of the lens
surface and the center of the entrance pupil, so as to quickly obtain the
angle of view test results, and improve the testing accuracy, and it is also
suitable for cameras that measure a wide range of field angles (wide-angle
camera or fisheye camera, etc.) to solve the problem of laboratory testing a
wide range of horizontal field angles.

Keywords: Field of view, Surveillance camera, Wide range, Test
accuracy.

1 Introduction
The optical system is one of the most important components of an imaging camera. The
camera's field of view angle is an important indicator of the camera's optical system, which
characterizes the camera's imaging angle range. Therefore, the test of the camera's field of
view has become an important part of evaluating the performance of a video surveillance
camera.
Currently, there are many methods for measuring the optical field of view of the
imaging system. Jiang Lili et al. proposed a method using a transmissive film test card with
several concentric circles and digital scales in the background. The field of view angle can
*
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be measured by reading the scales. test [1]. Different from the former, Yuan Li’s method is
more intuitive. He proposed installing a camera the on a turntable to image the star point
hole placed at the focal plane of the collimator, when rotating the turntable , the camera can
image the star point hole from the extreme edge of one end. to the other end [2]. By this way,
the angle of rotation of the turntable is the angle of view of the camera. And the same
method can be used to measure the angle of view in another direction by rotating the
camera by 90 degrees.
The proposed methods can be performed as formula (1):

tan α =

W
2L

(1)

On the basis of the above method, Li Kun et al. proposed a method and device for
camera field of view calibration. The camera’s field of view angle is obtained by the
distance of the camera moving along the optical axis L1 − L2 and the width difference of
the corresponding field of view

tan=
α

W1 − W2

[3]

, as follows

W1 − W2
W
W
= =
2 L1 2 L2 2( L1 − L2 )

(2)

LI et al. of the China Air-to-Air Missile Research Institute have designed a
semiconductor laser fuze field angle measurement device[4], which mainly includes a mirror
turntable and a one-dimensional translation stage; TAN et al. of Huazhong Agricultural
University designed an automatic test system for the field of view of the laser fuze
［ ］
receiving optical system 5 ; FENG et al. of Harbin Institute of Technology proposed a
method of measuring the field of view angle of laser guidance by using a three-axis
［ ］
turntable 6 ; Yang Bowen et al. designed the infrared light-emitting diode with adaptive
brightness as the target point, and used the displacement of the coordinate measuring
［ ］
machine to construct a virtual three-dimensional target 7 ; Lin Wukang researched a large
field of view calibration method based on improved flexible plane targets, small target
［ ］
splicing, and auxiliary targets. 8 ; Peng et al. proposed an internal parameter calibration
［ ］
method based on a one-dimensional target 9 , Gao Ting improved the concentric circle
［ ］
detection algorithm and verified it through experiments 10 ; On the basis of previous
research methods, Li Weimin et al. proposed a method for calibration of a differential large
［
］
field of view camera 11, 12 ; Ye Dong et al. proposed a camera parameter calibration method
based on the minimum distance from the calibration control point of the virtual stereo target
to the corresponding anti-projection line [13], In addition, genetic algorithm is applied to the
［ ］
camera parameter calibration method based on virtual stereo target 14 ; Sun Junhua et al.
proposed that by placing multiple smaller two-dimensional targets in the calibration space,
the fixed relative positions between the small targets were used to establish the connection
between the targets, so that the multiple targets were distributed in the entire calibration
［ ］
space , so as to control the camera Parameter calibration 15 ; An Yan et al. proposed a
device for receiving the angle of view of portable laser communication. By fixing the
autocollimator and the laser communication machine on the mounting plate, and adjusting
the azimuth and tilting table to achieve small-scale high-precision testing [16,17].
The operation steps of the above methods are relatively complicated and are not suitable
for high-efficiency laboratory test operations. For cameras with a wide field of view, the
general laboratory environment cannot be quickly and conveniently obtained due to the
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limitation of the size of the field. Greatly affect the efficiency of the test. Based on this, this
article proposes a method to achieve a wide range of horizontal field of view angle testing,
simulation and error analysis of the field of view, and based on the analysis results designed
a range of horizontal field of view device, this method can effectively avoid the lens The
field angle measurement error caused by the distance between the center of the surface and
the center of the entrance pupil improves the test accuracy.

2 Imaging principle of photoelectric imaging system
A typical photoelectric imaging system is mainly composed of image sensor, optical lens,
signal transmission control processing module and display storage module, as shown in
figure. 1. The radiation brightness of the target scene enters the optical lens and converges
to the sensor. The optical signal received by the sensor is converted into electrical signal,
and the digital image is generated and processed on the display storage device.

Fig. 1. Imaging system architecture diagram.

For limited distance of the object in the process of imaging, the camera's field of view
angle is defined as a view angle of the pupil center line [3], the general view of the camera,
because the camera surface center and into the center of the pupil distance L0 small (much
smaller than L), so the camera's field of view angle of view of the camera lens
approximation for the line before the opening angle of surface center. As shown in figure.2,
after the line field D is measured with a scale, the distance L between the standard scale and
the center of the front surface of the lens is measured, and then the imaging field angle can
be calculated by formula (3)

D
θ = 2 arctan( )
L

3
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Fig. 2. Camera field of view angle (approximate) test chart.
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Fig. 3. Camera field of view angle (actual) test chart.

However, in actual measurement, there is a distance L0 between the lens surface center
and the entry pupil center. For a camera with a relatively wide field angle, L0 will cause an
error θˆ in the calculated field angle. As shown in figure. 3, it is expressed by Formula (4)
as follows:

D
D
θˆ =θ − θ 0 =2(arctan − arctan
)
L
L + L0

(4)

In this paper, the simulation method is used to calculate and analyze the influence of the
distance L0 between the lens surface center and the entry pupil center on the measurement
of the camera's field angle, and a new wide range horizontal field angle test method is
proposed. This method can effectively avoid the influence of L0 on the measurement of the
camera's field angle, and improve the testing accuracy. The wide horizontal field angle can
be measured with high efficiency in laboratory.

3 Test error calculation simulation
For an imaging system, the size of the field to be measured is determined by the focal
length of the lens, the distance between the focal plane and the object to be photographed,
and the imaging size of the object to be measured in the focal plane of the sensor, as shown
in Formula (5). Where, f is the focal length of the lens, W is the imaging width of the object
being photographed on the sensor target plane, H is the imaging height of the object being
photographed on the sensor target plane, L is the distance from the center of the lens
entering pupil to the object being photographed, W is the width of the object being
photographed, and H is the height of the object being photographed.
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/ W hL / H
f wL
=
=

(5)

According to the application scenarios tested in the laboratory, it is assumed that the
target surface size of the camera sensor is 1/2 inch, the width and height are about
6.4mm×4.8mm, the minimum focal length is 5mm, the field width is 1.6m, and the height
is 1.2m. The distance L between the center of the lens entering pupil and the object being
photographed can be obtained as 1.5m. Further, the field angle can be calculated as 65.2
degrees by formula (5). For the imaging of the scene view angle measurement, assuming
that the camera lens before the surface and into the center of the pupil distance H0 change
from 0.5 cm to 5 cm, can be obtained by computer simulation analysis software, different
H0 values corresponding to different camera viewing angle as a result, as shown in figure. 4,
the viewing angle measurement error between 0.2 to 2.05 degrees, The results are shown in
Table 1.

Fig. 4. Variation of field angle error with distance between lens surface center and entrance pupil
center.
Table 1. The result of the change of FOV error with H0.
H0(m)
Field
Angle
test
results(°)
Field of
view
Angle
test
error(°)

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

0.050

64.93

65.13

65.34

65.54

65.74

65.95

66.16

66.36

66.57

66.78

0.20

0.40

0.61

0.81

1.01

1.22

1.43

1.63

1.84

2.05

As the field angle range of the camera measured in the laboratory is wide, the field
angle of some wide-angle cameras and fisheye cameras is often more than 130 degrees or
greater, so further simulation is carried out, and the measurement error is calculated when
the real field angle changes from 10 degrees to 170 degrees and H0 changes from 0.5cm to
2cm. From figure.5, the overall curve of the field-of-view error changing with the real
field-of-view angle can be obtained. To facilitate observation, log (Y) display is adopted.
As can be seen from figure.6 (a), (b) and (c), when the field angle is less than 117 degrees,
the rate of measurement error increases gently with the field angle, and the error range is
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within 12 degrees; when the field angle increases to more than 150 degrees, the
measurement error increases to 37 degrees; when the field angle approaches 170 degrees,
the measurement error approaches 54 degrees.

.
Fig. 5. Variation of global FOV angle error with real FOV angle.

(a)
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(b)

(c)
Fig. 6 (a) , (b) , (c) Variation chart of angle error of FOV with real FOV angle.

4 Wide range horizontal field of view Angle measurement
method and realization device
Aiming at the problem of measuring field angle error caused by the distance H0 between
the front surface of the camera lens and the center of entry pupil, Li Kun[1] et al. put
forward calibration method that can effectively avoid the error, but for laboratory
measurement of wide range of horizontal viewing angle, it is not applicable. This paper
proposes a wide range of horizontal viewing angle test method, the device is supported by
the camera movement, imaging target test board and control computer, as shown in figure.7.
Among them, the control computer is connected with the camera support mobile platform
to control the movement of the support mobile platform. The imaging target test board is
provided with a left and right symmetrical scale ruler centered on the origin. The initial
position of the camera to be tested is adjusted so that its center is aligned with the center of
the scale graph of the target test board. Through the control computer to control the
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movement of the supporting mobile platform, the camera's field of view boundary and scale
graph center width D2, D1 and the distance △L between a and b were recorded respectively
when the camera was in position a and b. The field angle of the camera to be tested can be
calculated according to the following formula (6) :

θ = 2 × arctan(

D2 − D1
)
∆L

(6)

Further, the target test board and its scale graphics respectively have extensions
perpendicular to the plane at both ends. When the field angle of the camera to be tested is
very large, the field of view boundary of the camera to be tested is recorded at position A,
D3 of the scale extension segment, and the position of the camera to be tested is moved to
B. Record the width D1 of the camera's field of view boundary and the scale graph center,
and record the width D0 of the scale graph center and the scale boundary. Read the
extended scale to obtain the overall field of view angle value of the equipment to be tested.
The field angle can be calculated according to formula (7) as below:

θ = 2 × arctan(

D1 − D0
)
D3 − ∆L

(7)

5 Conclusion
In this paper, it is concluded that the wide range of field angle can reduce the experimental
error.by analyzing the principle of field angle error and using the method of laboratory
simulation, In addition, a wide range of horizontal field of view angle measurement method
is proposed, in which the camera is shifted on the support mobile platform to image the
imaging target test board, and then the field angle of the camera is calculated by reading the
scale value on the imaging ta rget test board. The method has advantages of simple
operation, good repeatability, reduced testing time and improved testing efficiency. It is
suitable for field angle testing of common range cameras and field calibration of cameras
with large range of field angle (wide-angle camera or fisheye camera, etc.).
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Fig. 7. (a) , (b) Measurement of wide range horizontal field of view.
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