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(54) Compact superwide angle optical system

(57) Summary

The present invention relates to a compact superwide angle optical system characterized including a first lens (L1) having a 

negative refractive power from the object side and a second lens (L2) having a positive or negative refractive power, a first lens 

group having negative refractive power as a whole; a second lens group comprising a third lens L3 having a positive refractive 

power; including a fourth lens (LA) having a positive refractive power from the object side and a fifth lens (L5) having a 

negative refractive power, a third lens group having positive refractive power as a whole; a diaphragm installed between the 

first lens group and the second lens group; the first lens group, the diaphragm, the second lens group, and the third lens group 

are arranged in order from the object side. 

According to the present invention, it is possible to implement a superwide angle lens having a higher resolution performance 

while having a brighter F-number than the prior art. In addition, it is possible to implement a short optical system with a super 

wide angle and to secure a sufficient back focal length. 
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Diagram 1a 

 

Scope of Patent Claims 

 

Claim 1. 

 

Including a first lens (L1) having a negative refractive power from the object side and a second lens (L2) having a 

positive or negative refractive power, the 1st lens group having negative refractive power as a whole; 

 

The 2nd lens group consisting of a third lens (L3) having positive refractive power; 

 

Including a fourth lens (L4) having a positive refractive power and a fifth lens (L5) having a negative refractive power 

from the object side, the 3rd lens group having a positive refractive power as a whole; 

 

Including the diaphragm installed between the first lens group and the second lens group; 

 

In the optical system arranged in the order of the 1st lens group, the diaphragm, the 2nd lens group, and the 3rd lens 

group from the object side, 

 

The first lens group and the second lens group are compact superwide angle optical systems, characterized in that they 

satisfy the following conditions 

 

0.4 < ɸ 12/ ɸ t < 0.8 

 

ɸ 12: The reciprocal of the total focal length of the first lens group and the second lens group 

 

ɸ t: The reciprocal of the total focal length of the entire lens 

 

Claim 2. 

 

According to Claim 1, 

 

All lens surfaces of the first lens group are aspheric, characterized in the compact superwide angle optical system 

 

Claim 3. 

 

According to Claim 1, 

 

The first lens (L1) of the first lens group has a meniscus shape in which the object side is convex, characterized in the 

compact superwide angle optical system 

 

Claim 4. 

Deleted 

 

Claim 5. 

 

According to Claim 1, 

 

The third lens group is a compact superwide angle optical system, characterized in that it satisfies the following 

conditions 
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0.1 < ɸ 3/ ɸ t < 0.35 

 

ɸ 3: The reciprocal of the total focal length of the 3rd lens group 

 

ɸ t: The reciprocal of the total focal length of the entire lens 

 

Claim 6. 

 

According to Claim 1, 

 

The third lens group is a compact superwide angle optical system, characterized in that it satisfies the following 

conditions 

 

1.5 < V4/V5 < 3 

 

V4: The dispersion value of the fourth lens (L4) 

 

V5: The dispersion value of the fifth lens (L5) 

 

Claim 7. 

 

According to Claim 1, 

 

When the distance from the first surface of the first lens to the image sensor in the optical system is TTL and the diagonal 

size of the image sensor is 2Y, 

 

A compact superwide angle optical system characterized by having a relationship of 

 

TTL / 2Y < 2.0 

 

Specifications 

 

Detailed Description of the Invention 

 

Purpose of Invention 

 

Technology to which the invention belongs and prior art in the field 

 

The present invention is relevant to a surveillance camera capable of monitoring a wide area, particularly to a compact 

superwide angle optical system mounted on a vehicle. 

 

In recent years, as the demand for optical systems used in vehicles has rapidly increased, corresponding technical 

requirements have also increased. 

 

In general, a superwide angle optical system having an angle of view of about 140 to 160 degrees is used in surveillance 

cameras for vehicles, and the following conditions are the basic requirements for such a vehicle optical system. 

 

First, it must be a bright lens. As a wide-angle lens for a vehicle has the characteristic of photographing an object 

regardless of the surrounding environment, a bright lens is required in order to photograph an object even in a low light 

amount. 

 

Second, as it must be installed in an appropriate location without compromising the aesthetics of the vehicle, a size as 

small as possible is necessary. 

 

Third, it must have high resolution performance. 
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Regarding such a superwide angle lens, Japanese Laid-Open Patent Publication No. 2006-11093 and Japanese Laid-Open 

Patent Publication No. 2005-321742 also disclosed such. 

 

However, although the optical system of No. 2006-11093 has good resolving performance, there is a problem in that the 

brightness is not sufficient as the F-number, which is a measure of lens brightness, is only about 2.46. 

 

Also, if calculated based on the disclosed embodiment, as the optical length (the distance from the first surface of the first lens 

to the image surface) is about 5.3 times larger than the diagonal size of the image sensor, since the overall size of the optical 

system is quite large, miniaturization of the optical system is limited. 

 

Although the optical system disclosed in No. 2005-321742 is composed of only three lenses and is simple, the F-number is 

2.96, which is not only very dark, but also has poor resolution performance. Furthermore, the size of the optical system is still 

on the large side, with the optical length being 4.3 times larger than the diagonal size of the image sensor. 

 

Technical task to be achieved by the invention 

 

The present invention is meant to solve such problems, and its purpose is to provide a superwide angle optical system that 

drastically improves the lens brightness and resolution performance compared to conventional methods and significantly 

reduces the overall size. 

 

Composition of the invention 

 

The present invention, in order to achieve the above purpose, provides a compact superwide angle optical system characterized 

including a first lens (L1) having a negative refractive power from the object side and a second lens (L2) having a positive or 

negative refractive power, a first lens group having negative refractive power as a whole; a second lens group having a third 

lens (L3) having positive refractive power; a third lens group having a positive refractive power as a whole, including a fourth 

lens L4 having a positive refractive power and a fifth lens L5 having a negative refractive power from the object side; including 

a diaphragm installed between the first lens group and the second lens group; the first lens group, the diaphragm, the second 

lens group and the third lens group are arranged in order from the object side. 

 

From now on, proper embodiments of the present invention will be described with reference to the diagrams. 

 

As the lens optical system according to the embodiments of the present invention is commonly shown in Diagram 1a, Diagram 

2a, and Diagram 3a showing lens configurations according to the first, second, and third embodiments, respectively, arranged in 

the order of the first lens group, the second lens group, and the third lens group from the object side, each lens group has a 

structure including one or more lenses. Also, a diaphragm (not shown) is installed between the first lens group and the second 

lens group. 

 

The first lens group, the second lens group, and the third lens group are distributed to have negative, positive, and positive 

refractive power, respectively, and in order to have a superwide angle, it has a structure in which the strong positive refractive 

power of the second lens group is complemented by the arrangement of the first lens group and the third lens group. 

 

Looking at the specifics, the first lens group has a negative refractive power as a whole, and it includes a first lens (L1) having 

negative refractive power from the object side and a second lens (L2) having positive or negative refractive power. 

 

As such, the first lens group in front of the aperture has a strong negative refractive power, making it possible to construct a 

superwide angle system, and even if the total length of the optical system is shortened, a sufficient margin for the back focal 

length (the distance from the last lens surface to the image sensor) can be secured, making it easier to configure and design 

equipment. 

 

In particular, a meniscus-shaped lens having a convex object side is used as the first lens (L1) so as to be suitable for incident 

light in the superwide angle areas. 

 

In addition, in order to increase lens brightness and resolution, all four lens surfaces of the first and second lenses are made of 

aspherical surfaces. 

 

The second lens group is composed of a third lens (L3) having a positive refractive power. 

 

In particular, in each embodiment of the present invention, in order to implement a superwide angle system, the refractive 

powers of the first lens group and the second lens group are designed to satisfy Conditional Expression 1 below. 
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<Conditional Expression 1> 

 

0.4 < ɸ 12/ ɸ t < 0.8 

 

ɸ 12: The reciprocal of the total focal length of the first lens group and the second lens group. 

 

ɸ t: The reciprocal of the total focal length of the entire lens. 

 

Conditional Expression 1 is about the relationship between the total focal length of the first lens group and the second lens 

group, and if the upper limit is exceeded, the power burden increases and aberration correction becomes difficult, and if it is 

less than the lower limit, it becomes difficult to have a superwide angle. 

 

The third lens group has a positive refractive power as a whole, and it is configured to include a fourth lens (L4) having positive 

refractive power and a fifth lens (L5) having negative refractive power from the object side. 

 

As the superwide angle lens system must have strong refractive power by default, in each embodiment of the present invention, 

the third lens group serves to share the burden of the strong positive refractive power of the second lens group. The third lens 

group has slightly weaker positive refractive power than the second lens group. 

 

In addition, the positive refractive power of the third lens group closest to the image side has the effect of reducing the chief ray 

angle (CRA) of the chief ray incident on the image plane. 

 

In each embodiment of the present invention, the third lens group must be designed to satisfy Conditional Expression 2 below 

in relation to power. 

 

<Conditional Expression 2> 

 

0.1 < ɸ 3/ ɸ t < 0.35 

 

ɸ 3: The reciprocal of the total focal length of the third lens group. 

 

ɸ t: The reciprocal of the total focal length of the entire lens. 

 

If the upper limit is exceeded in Conditional Expression 2, aberration correction becomes difficult due to power burden, and if 

the value is smaller than the lower limit, it becomes difficult to configure an ultra-wide angle with a short length. 

 

In addition, in the third lens group, the lens group itself is composed of a telephoto type to help shorten the overall length, and 

even with a bright F-number, the effect of aberration correction is large, and it plays a decisive role in enabling a bright F-

number. 

 

In addition, in order to have high resolving power, the third lens group must satisfy the following Conditional Expression 3 

related to chromatic aberration correction. 

 

<Conditional Expression 3> 

 

1.5 < VA/V5 < 3 

 

V4: The dispersion value of the fourth lens. 

 

V5: The dispersion value of the fifth lens. 

 

Meanwhile, Table 1 below shows calculated values for performance values and conditional expressions for design 

specifications of three embodiments that satisfy the configuration of the lens described above. 

 

[Table 1] 
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All of the three embodiments shown in Table 1 assume a lens system in which the image height Y value is 1 (in other words, the image 

diagonal size is 2). Here, TTL/2Y is the total length of the lens divided by the diagonal size of the image, and represents information 

on the total length of the lens. 

 

From Table 1, it can be seen that the F-number, which is a measure of lens brightness, is only 1.79 and 1.82 in each embodiment of the 

present invention. Therefore, according to the embodiment of the present invention, a much brighter superwide angle optical system 

can be implemented, and according to experiments, an F-number in the range of 1.65 to 1.85 can be easily obtained. 

 

Also, the values of TTL/2Y related to the size of the optical system are all less than 2, and therefore, according to the embodiment of 

the invention, it can be shown that the optical electric field can be configured to be less than twice the diagonal size of the image 

sensor. Here, TTL is the distance from the first surface of the lens to the image sensor, and 2Y is the diagonal size of the image sensor. 

 

The data for each embodiment provided to calculate the values in Table 1 are as follows, and the specific configuration of the 

superwide angle optical system according to each embodiment is as shown in Diagram 1a, Diagram 2a, and Diagram 3a. 

 

Here, the R value is the radius of curvature of the lens, the D value is the thickness and air gap of the lens, Nd is the refractive index at 

the d-line (587.56nm) of the lens material, and vd is the Abbe number of the lens material. Aperture represents a value that is half of 

the aperture that blocks light at the position where it blocks light. 

 

In addition, the aspheric surface coefficient shown in each embodiment is a coefficient applied to the following relational expression 

related to the aspherical surface shape. 

 

Here, Z is the distance from the apex of the lens in the direction of the optical axis, h is the distance in the direction perpendicular to 

the optical axis, C is the reciprocal of the radius of curvature at the apex of the lens, K is the Conic constant, and A4, A6, A8, A10, and 

A12 are aspheric coefficients, respectively. 

 

<First Embodiment> 

<Second Embodiment> 
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Embodiment 1 Embodiment 2 Embodiment 3 

Conditional 

Expression 1 

Conditional 

Expression 2 

Conditional 

Expression 3 

Angle of view 

Image height - Y 

Total length of the lens 

R value D value 



 

<Third Embodiment> 

On the other hand, Diagram 1b, Diagram 2b, and Diagram 3b show aberration diagrams of superwide angle optical systems 

according to the first, second, and third embodiments, respectively, and through this, it can be confirmed that spherical 

aberration, astigmatism, and distortion aberration are normal in each embodiment. 

 

In the astigmatism diagram, tan represents the astigmatism curve in the direction in which the object and the optical axis are 

parallel, and sag represents the astigmatism curve in the direction perpendicular to the object and the optical axis. 

 

Effects of the invention 

 

According to the embodiment of the present invention, as the first lens group having a strong negative refractive power is 

located in front of the diaphragm, it is possible to implement an optical system with a superwide angle and short overall length 

and to secure a sufficient back focal length. 

 

Specifically, it is possible to miniaturize the optical system by configuring the optical electric field to be less than twice the 

diagonal size of the image sensor. 

 

In addition, the first lens group is composed of two lenses, a first lens and a second lens, and by configuring all four lens 

surfaces with aspherical surfaces, it is possible to implement a lens having a high resolution performance while having a bright 

F-number. 

 

In particular, according to the present invention, the F-number, which is the brightness of the lens, reaches about 1.65 to 1.85 so 

that a superwide angle optical system that is much brighter than before can be implemented. 
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R value D value 



 

In addition, the third lens group with positive refractive power located at the uppermost side is composed of a fourth lens with positive 

refractive power and a fifth lens with negative refractive power, and in particular, as it is configured as a telephoto type, the optical 

length can be further shortened, and in this case, as the effect of aberration correction is increased, a bright F-number can be realized. 

 

Brief Description of the Diagrams 

 

Diagram 1a and Diagram 1b are diagrams showing a configuration diagram and an aberration diagram of an optical system according 

to the first embodiment of the present invention, respectively. 

 

Diagram 2a and Diagram 2b are diagrams showing a configuration diagram and an aberration diagram of an optical system according 

to the second embodiment of the present invention, respectively. 

 

Diagram 3a and Diagram 3b are diagrams showing a configuration diagram and an aberration diagram of an optical system according 

to the third embodiment of the present invention, respectively. 

 

*Description of symbols for main parts of the diagrams* 

 

L1: First lens L2: Second lens 

 

L3: Third lens L4: Fourth lens 

 

L5: Fifth lens LF: Filter 

 

Diagrams 
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Diagram 1a 

First lens group 

Second lens group 

Third lens group 

Object side 

Top side 
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Diagram 1b 

Diagram 2a 

First lens group 

Second lens group 

Third lens group 

Object side 
Top side 

Diagram 2b 

Spherical aberration Astigmatism Distortion aberration 

Spherical aberration Astigmatism Distortion aberration 
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Diagram 3a 

First lens group 

Second lens group 

Third lens group 

Object side Top side 

Diagram 3b 

Spherical aberration Astigmatism Distortion aberration 
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