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(54) Refractive optical element having a convex helical surface for athermalizing an infrared 
imaging system

(57) Refractive optical element for athermalizing an
infrared imaging system, said element being detachably
mounted to the latter and having a circular base and a

convex surface with an helical profile, the radial jog of
which ascending helically from the lower edge (1) to the
upper edge (2) of the jog.
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Description

[0001] The object of the invention is a refractive optical element for athermalization of thermovision imaging systems.
The element is intended to be installed in FLIR (Forward Looking Infrared) imaging systems applied in object detection,
identification and monitoring devices.
[0002] Object imaging in FLIR thermovision optical systems requires thermal signature mapping of an object located
practically at infinity onto an infrared sensor array. Concerning thermal optics, significant dependence of an imaging
element material refractive index and temperature is a great problem. An optical system set to infinity creates an object
image at a focal distance from the principal plane. Refractive indices of imaging system optical elements significantly
change with temperature which results in a significant modification of the imaging focal length. That is why the image
loses its sharpness and contrast at a given sensor array position.
[0003] There are some known arrangements of thermovision imaging systems with an additional optical element used
to provide athermalization. Such an optical element changes the imaging system setup and the distances between its
elements. In the arrangement presented in US 6262844 patent description, a diffractive optical element with a stepped
surface composed of concentric planar zones is used for athermalization of the imaging system. In the arrangement
presented in US 5808799 patent description, an additional optical element has a surface including a set of concentric
rings in the form of a kinoform, phase plate or similar optical element of specific phase modulation.
[0004] In the above arrangement, the additional optical element is an integral part of the imaging system and requires
precise fitting to the remaining elements of the system. The elements are usually equipped with additional electrome-
chanical components used in the optical system. Such components and external elements are prone to damage, par-
ticularly at high overloads which, in the event of damage, necessitates a replacement of the complete imaging system.
[0005] A refractive optical element for athermalization of thermovision imaging systems of a variable focal length made
of a body with a circular base, according to the invention, is characterized in that the element is a cap component
mounted in a detachable manner to the imaging system, whereas its face surface has a profile of a convex outline with
a radial jog spirally ascending from the lower edge to the upper edge of the jog.
[0006] It is advantageous if successive radial sectors of the body have an increasing height of the convex profile and
decreasing curvature towards the body axis centre over the entire helicoidal pitch determining the profile side edge
ascending in relation to the base from the lower edge to the upper edge of the jog.
[0007] It is also advantageous if phase transmittance of the refractive optical element in the direction perpendicular
to the base coinciding with the imaging system optical axis is described by the following equation: 

where:

Δf the required range of the focal length sector;
f0 the focal length of the imaging system;
r, θ the radial and angular coordinate in the polar coordinate system;
k=2π/λ, λ the average electromagnetic wavelength for the optical element operating wave range.

[0008] Unlike the existing optical athermalization elements, the optical element, in accordance with the invention, has
no rotational symmetry and its modulation transfer function does not indicate any oscillations or nulls in the spatial
frequency range of the transfer spectrum. The optical element, according to the invention, does not significantly degrade
the image because it has no spatial frequency values which revert contrast in the imaging but ensures extension of the
optical system focus to section Δf located on the optical axis. In consequence, any temperature changes which cause
the focal length shifts do not significantly affect the quality of the thermal signature imaging of an object located at infinity.
In the arrangement, in accordance with the invention, the optical element is a cap mounted in a detachable manner to
a FLIR optical system which facilitates its application without a necessity of disassembling and reconfiguring a part of
the system. An important advantage of the proposed arrangement is no need to use any additional electromechanical
components or feedbacks which significantly raise the cost of the device and deteriorate its reliability. The proposed cap
is designed mainly for use in a range of electromagnetic wavelength of 3-5 mm or 7-15 mm described as so called infrared
windows, however, it may also be applied in other ranges of the electromagnetic spectrum where athermalization of an
optical system is required.
[0009] The invention is presented in exemplary drawing in which fig. 1 shows an optical element for athermalization
of thermovision imaging systems in a perspective view, and fig. 2 which shows the same element in top view.
[0010] As shown in fig. 1 and 2, a refractive optical element for athermalization of thermovision imaging systems is



EP 2 778 732 A1

3

5

10

15

20

25

30

35

40

45

50

55

made of a body of a circular base. Its face surface has a profile of a convex outline with a radial jog which ascends
helically from the lower edge 1 to the upper edge 2 of the jog. The jog has a side edge 3 whose top in connected to the
upper edge 2 reaching the element centre. The upper edge 2 is almost horizontal. The lower edge 1 connects the lower
end of the side edge 3 and the end of the upper edge 2 beginning from the face surface centre in the optical element
optical axis. Successive radial sectors of the body have an increasing height of the convex profile and decreasing
curvature towards the body axis centre over the entire helicoidal pitch determining the profile side edge ascending in
relation to the base from the lower edge 1 to the upper edge 2 of the jog. The optical element of a variable focal length
formed in this way is a cap element mounted in a detachable manner from the outside to the imaging system on an
extension of its optical axis. The phase transmittance of the optical element in the direction perpendicular to the base
coinciding with the imaging system optical axis is described by the following equation:

where:

Δf the required range of the focal length sector;
f0 the focal length of the imaging system;
r, θ the radial and angular coordinate in the polar coordinate system;
k=2π/λ, λ the average electromagnetic wavelength for the optical element operating wave range.

[0011] The cap, according to the invention, is applied in a FLIR thermovision optical system of a focal ratio F#=1 and
focal length f0=35 mm, operating in the band of 7-15 mm. To adapt the cap element for operation in a band of 7-15mm,
the cap element is made of germanium. For operation in other ranges of electromagnetic waves, the cap element may
be made of other optically active materials. The accepted range of the temperature changes for athermalization was T0
= -50 °C to T1 = +80 °C.
[0012] The phase transmittance of the optical element including the cap element is described by the following equation: 

[0013] The transfer function of the optical element described by the above equation, in the imaging system, provides
a focal line in a range of one helicoidal pitch. An extension of the focal segment of a FLIR imaging system by 1% of the
focal length (34.65mm 4 35mm) is sufficient for the object image on the detector array to be sufficiently sharp in the
examined temperature range from To = -50 °C to T1 = +80 °C and the band of 7-15mm. The cap element performing a
1% extension of the focal segment in a selected optical system has a 15mm helicoidal pitch, which corresponds to the
height of the side edge 3 shown in fig. 1 and changes the optical power of the system from 0 to 0.29D, where D stands
for dioptres.
[0014] The optical element, according to the invention, may be formed as a refractive element, Fresnel element or
kinoform of any order and may be applied for any electromagnetic wavelength, where optical system athermalization is
required. As a cap to an imaging system, it provides achromatic operation of an optical system in a wavelength range
of 3-5 mm or 7-15 mm and makes it possible to obtain imaging of a thermal signature of the examined object of sufficient
quality in a temperature range from -50 °C to +80 °C. As a result, it provides athermalization of a FLIR system without
a need to use any additional mechanical, pneumatic or electronic components.

Claims

1. A refractive optical element for athermalization of thermal imaging systems of a variable focal length made of a body
with a circular base, according to the invention, characterized in that the element is a cap component mounted in
a detachable manner to the imaging system output, whereas its face surface has a profile of a convex outline with
a radial jog helically ascending from the lower edge (1) to the upper edge (2) of the jog.



EP 2 778 732 A1

4

5

10

15

20

25

30

35

40

45

50

55

2. The refractive optical element, according to claim 1, wherein the successive radial sectors of the body have an
increasing height of the convex profile and decreasing curvature towards the body axis centre over the entire
helicoidal pitch determining the profile side edge ascending in relation to the base from the lower edge (1) to the
upper edge (2) of the jog.

3. The refractive optical element, according to claim 1, wherein its phase transmittance in a direction perpendicular to
the base coinciding with the imaging system optical axis is described by the following equation: 

where:

Δf the required range of the focal length sector;
f0 the focal length of the imaging system;
r, θ the radial and angular coordinate in the polar coordinate system;
k=2π/λ, λ the average electromagnetic wavelength for the optical element operating wave range.
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