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Abstract
Refraction variations in optical leveling instruments can often negatively impact image quality. Refraction, the change in the propaga-
tion of light through an optical medium, plays a crucial role in ensuring the high precision and efficiency of optical leveling instruments.
This study focuses on analyzing specialized tools andmethodologies aimed atminimizing refraction variations. Key solutions for reducing
refraction effects includehigh-quality opticalmaterials, properly adjusted optical components, andprecisely calibrated optical levels. Fur-
thermore, advanced methodologies such as interferometry, phase metrology, and optical index measurement techniques are employed
to enhance the accuracy and control of the refractive properties of optical leveling instruments. Methodologically, ensuring accuratemea-
surements in optical leveling relies on various approaches, including refractometric analysis, specialized algorithms to minimize optical
errors, and computational modeling for identifying and correcting refraction-related distortions. This study aims to improve the effi-
ciency of optical leveling instruments by exploring modern approaches and technologies that enhance image quality and measurement
accuracy.
Key words:
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Introduction

Optical leveling instruments have always played a crucial role
in science and technology. Their applications span a wide range
of fields, from optical devices and medical instruments to
astronomical telescopes, industrial environments, and everyday
consumer products. One of the key factors affecting the efficiency
and accuracy of optical leveling instruments is refraction
variations. Refraction is the phenomenon of light bending and
propagating through different optical media, and its variations
can significantly impact image quality, system accuracy, and
overall performance. To mitigate refraction variations and
ensure precise measurements in optical leveling instruments,
specialized tools and methodologies have been developed. These
tools and techniques are essential for maintaining high-precision

performance. The process involves improving the quality of
optical materials, properly adjusting optical components, and
accurately measuring optical parameters. Additionally, advanced
methodologies such as refractometric analysis, interferometry,
and phase metrology allow for detecting and correcting optical
errors. These methodologies aim to enhance the efficiency of
optical leveling instruments and improve image quality. This
introduction provides an overview of the importance of optical
leveling instruments, the effects of refraction variations, and the
available tools and methodologies for minimizing these effects.
The subsequent sections will explore these issues in greater
detail and propose solutions for optimizing optical measurement
accuracy.
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Problem Statement

The issue of refraction variations in optical leveling instruments
holds significant importance across various technical and
scientific fields. Without addressing these challenges, it becomes
difficult to fully ensure the accuracy and quality of optical
leveling instruments. Refraction variations can lead to several
key problems. Refraction variations negatively affect the image
quality in optical systems, leading to reduced sharpness, loss
of fine details, and color distortions. This issue is particularly
critical in scientific research and industrial applications where
high precision is required. These variations can introduce
optical errors in leveling instruments, such as misalignment
of optical components, incorrect selection of optical materials,
and calibration inaccuracies. Such errors reduce the overall
efficiency of the system and create inconveniences for users.
Changes in refraction complicate the calibration process of
optical leveling instruments. Accurate calibration requires taking
refraction variations into account when measuring essential
parameters, making the calibration procedure more complex and
time-consuming. Minimizing refraction variations in optical
leveling instruments demands high-quality optical materials
and advanced technologies. However, existing materials and
technologies may have limitations, preventing the complete
elimination of refraction-related distortions. The methodologies
used to detect and measure refraction variations sometimes face
uncertainties and limitations. Techniques such as interferometry
and phase metrology perform well under ideal conditions but
may encounter challenges in real-world applications. Another
major challenge is the difficulty of effectivelymanaging refraction
variations in optical leveling instruments, which significantly
impacts measurement accuracy. This issue presents serious
obstacles in scientific experiments, high-precision technologies,
and optical imaging fields. Consequently, the need for new
methods and technologies to minimize refraction variations is
steadily increasing.

Method

The study involves analyzing existing literature, including
scientific articles, technical reports, and advanced technological
approaches related to refraction variations. This process is
essential for understanding current methods and technologies
aimed at minimizing refraction distortions. To conduct
precise measurements, modern optical instruments such
as interferometry, refractometry, and spectrophotometry
are utilized. These techniques maximize the accuracy of
optical measurements. The most effective technologies and
methodologies identified in the study will be integrated into
practical technological processes for real-world applications.
Experiments will be conducted to evaluate the effectiveness of
new coating technologies and lens modifications, with real-time
monitoring of experimental results. The tests will be repeated
under varying conditions to assess how refraction variations
respond to environmental changes. The collected data will be
analyzed using two primary approaches:
Statistical Analysis: Various statistical methodswill be applied

to process the data and evaluate correlations between refraction
variations and reduction techniques.
Graphical and Visual Analysis: Refraction variations and the

effectiveness of control methods will be illustrated graphically,
providing a clear representation of methodological efficiency.
Ultimately, the study aims to implement the most effective

technologies and methodologies into practical applications, with
experimental validation of new coatings and lensmodifications in
real-world conditions.

Results

If the arc ADB (with a length S) is part of a circular arc with radius
RC, thenthefollowingrelationshipshold :

δA = δB = δ va δ = δA + δB = 2δ

From the diagram, we can derive the following equations:

σ

ρ′′ =
S
RC

1.5

∂
′′ = ρ ·

S
RC

1.6

∂ = 12 · ρ ·
S
RC

1.7

Equation (1.4) allows us to determine the refraction coefficient
K based on meteorological data. To establish the relationship
between the refraction coefficient K and the refraction angle ∂, we
solve equation (1.7) for RC

RC =
ρ′′S
2σ′′ 1.8

Using V. Jordan’s formula for determining the refraction
coefficient K with respect to σ, we obtain:

K =
δ′′2R3
ρ′′S 1.9

SubstitutingRCfromequation(1.48)intoequation(1.42),weobtainthefinalexpression.Solvingequation(1.49)fortherefractionangleusingV.Jordan′sformula,weget :

∂ = 8.1B
T2

(
0.0342 + dT

dZ

)
S 1.4′

Equations (1.9) and (1.2) enable the determination of the
pointwise refraction coefficient. However, the accuracy of this
determination is unfortunately not uniform.
In the theory of refraction, the concept of the refraction

coefficient K is introduced. The pointwise refraction coefficient K
is defined as the ratio of the Earth’smean radius R₃ to the radius of
curvature of the light path RC :

dB
dZ

= –0.0342BT
mbar
m 1

1
RC
= –dh

dn
1.1

K =
R3
RC

1.2

To refine this expression, we first take equation (1.1) into
account andmodify equation (1.2):

K = –R3
dn
dh

1.3

Rewriting equation (1.3) using the relation dn
dZ = dh

dn and
incorporating equation (1), we derive:

K = 502.4 B
T2

(
0.342 + dT

dZ

)
1.4
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This equation holds without additional hypotheses regarding
the atmospheric structure. It enables the determination of the
pointwise refraction coefficient and the pointwise curvature of
light. For a homogeneous refraction field, it remains valid under
neutral stratification, where dn

dZ = const, meaning that the
curvature of light remains constant at different points in the
vertical plane. To determine refraction angles, we derive the
necessary formulas. Since these angles depend on the function
dn
dZ = dndh , we refer to Figure 1 for further clarification.
In Figure 2, the accuracy level of the light path length S is

considered equal to the A-abscissa, meaning xA ≈ S, xi ≈ S.
Substituting xi with Si in equation (2.1), we get:

dZ = Si dβ 2.3

By substituting dβ from equation (2.2) into equation (2.3), we

obtain:

dZ = 1n
dn
dh
S ds 2.4

When distributing the light impulse along the trajectory from
points V and A, we take the segment OZ along the∆Z axis. Thus,

∆Z =
∫S
0

1
n
dn
dh
S ds 2.5

In the OAB’ angle, the half refraction angle δA corresponds to
the∆Z segment. Since∆Z ≪ xA = S, we write:

δ′′

ρ′′ =
∆Z
S 2.6

Rearranging equation (2.6), we derive:

δ
′′ = ρ

′′ ∆Z
S 2.7

By substituting∆Z from equation (2.5), we obtain:

δ
′′ = ρ′′

S

∫S
0

1
n
dn
dh
S ds 2.8

Equation (2.8) is attributed to G. Norris and plays a significant
role in refraction theory, as it determines the total refractionangles
for various refraction fields.
By expressing dn

dh in terms of meteorological elements, we
refine equation (2.8), assuming n ≈ 1:

dn
dt
= 78.85T

dB
dh

· 10–6 – 78.85
T2

BdT
dh

· 10–6 2.3

dn
dt
= –0.0342BT

mbar
m 2.6, 1.23

Substituting dBdh in equation (2.3):

dn
dt
= –78.85× 10–6 B

T2

(
0.0342 + dT

dh

)
2.9

By substituting (1.59) into (1.58) for dndt , we obtain:
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δ = ρ

S

∫S
0
78.85× 10–6 B

T2

(
0.0342 + dT

dh

)
S ds 2.6

δ = –0.278 B
T2
S
2

∫S
0
78.85×10–6 B

T2

(
0.0342 + dT

dh

)
S dsγ

∫S
0
S ds 2.6.1

By dividing the vertical gradient of air temperature into neutral
and anomalous bases, we introduce:

γ = γδ + γc 2.6.2

Thus,

δ = –0.278 B
T2
S– ρ

S

∫S
0
78.85×10–6 B

T2
(
γδ + γc

)
S ds 2.6.3

which simplifies to:

δ – 0.278 B
T2
S – 8.132 B

T2
Sγδ –

ρ

S

∫S
0
78.85× 10–6 ds 2.6.4

where

γc =
c
h
ch–1 2.6.5

For S = 1m, which represents the anomalous gradient height,
considering γδ = 0.098◦ K/m and transforming the rightmost
term in (1.64), we obtain:

δ = –0.278 B
T2
S– 0.080 B

T2
S– 78.85× 10–6 ρ(2S)2S2

B
T2

2.6.6

Introducing the equivalent height h⊥, defined as:

1
h⊥

= 2
22

∫S
0

1
h
S ds 2.6.7

Whereh⊥wasfirst introduced byA. A. Izatov andL. P. Pelline to
characterize the complete path of the light beam above the surface.
Using h⊥, we modify (2.6.6):

δ = –0.278 B
T2
S – 0.080 B

T2
S – 8.132 B

T2
S ch–1⊥ 2.6.8

In (2.6.8), the first term defines the standard refraction angle,
the second term represents the refraction angle in a neutral
gradient, and the third term accounts for the refraction angle in
an anomalous gradient.
Thus, we classify the equation as:

δ = –8.132S B
T2

(
0.0342 + γδ +

c
h⊥

)
2.6.9

From the perspective of anomalous inclusion, refraction angles
can be categorized into normal and anomalous components. Using
equation (1.69) and assuming γδ = 0.0098◦ K/m, an algebraic
transformation yields 0.0244◦ K/m, leading to:

δ = –8.132S B
T2

(
0.0244 + c

h⊥

)
2.7

which simplifies further to:

δ = –0.198 B
T2
S + 8.132 B

T2
c
h⊥
S 2.7.1

Discussion

This study has analyzed the specialized tools and methodologies
used to minimize refraction variations in optical leveling
instruments and improve measurement accuracy. Refraction
variations have been identified as a key factor contributing to
image distortions and reduced measurement precision in optical
leveling systems. The research has thoroughly examined the
major factors influencing refraction variations, including image
quality degradation, optical errors, calibration difficulties,
material and technological limitations, methodological
constraints, light refraction properties, optical materials,
environmental conditions, spectral characteristics, and optical
coatings. A review of relevant literature and experimental
analyses conducted by international researchers revealed that
multi-layered lenses, anti-reflective coatings, and controlled
temperature-pressure conditions significantly reduce refraction-
induced distortions. Furthermore, advanced technologies aimed
at improving accuracy in optical leveling instruments have
proven effective in enhancing measurement precision. Moving
forward, further refinement and broader implementation of
these approaches could enhance the efficiency of scientific
experiments and industrial applications involving optical
leveling instruments. Additionally, advanced refraction control
technologies have the potential to drive innovation across
multiple fields. Currently, geodetic applications in construction
and surveying face considerable challenges due to refraction
errors. This issue highlights the interdisciplinary nature of
refraction problems, affecting not just geodesy but various other
sectors aswell. Addressing these challenges requires collaboration
between different organizations. Moreover, private geodetic
firms and organizations should have unrestricted access to
essential measurement data from other enterprises. Establishing
structured agreements between relevant institutions and private
firms could ensure timely, reliable, and precise data exchange.
Such measures would significantly reduce refraction-related
errors in geodetic measurements and contribute to greater
efficiency in national construction projects.
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