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Digital Single-Lens Reflex (DSLR) cameras are widely used across various fields; however, their
dependence on eyepieces imposes functional limitations. To overcome this constraint, this study
introduces a comprehensive optical system approach incorporating specialized diffractive optical
elements, enabling simultaneous focusing on both the viewfinder and the image sensor (Figure A). /
Sayisal Tek Lensli Refleks (DSLR) kameralar ¢esitli alanlarda yaygin olarak kullanilir; ancak, goz
merceklerine olan bagimliliklart iglevsel simirlamalar getirir. Bu kisitlamanin iistesinden gelmek igin,
bu ¢alisma, hem vizére hem de gériintii sensériine ayni anda odaklanmayr saglayan 6zel kirinimli
optik elemanlart iceren kapsamli bir optik sistem yaklagimi sunar (Figir A).
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Figure A: General Structure of DSLR cameras and the proposed structure / DSLR kameralarin
genel yapisi ve onerilen yapt

Highlights (Onemli noktalar)

» Diffractive optical element design that can focus the secene radiation on two different points
on the focal plane simultaneously / Sahne isinimint ayni anda odak diizlemindeki iki farki
noktaya odaklayabilen kiriniml optik eleman tasarimu.

» Validation of the two-regional diffractive lens design by comparison with equivalent ideal
lenses. / Iki bolgeli kariniml mercek tasariminin, esdeger ideal merceklerle karsilastirilarak
dogrulanmasi

> A new DSLR camera structure that uses two-regional diffractive optical element. / 7ki
bélgeli kirmimli optik eleman Kullanan yeni bir DSLR kamera yapist.

Aim (Amag): In this study, it is aimed to design a diffractive optical element that can simultaneously
transmit the scene radiation to both the sensor and the eyepiece for use in DSLR cameras. / Bu
caliymada, DSLR kameralarmda kullanilmak tizere sahne isinuimini es zamanl olarak hem sensore
hem de goz mercegine iletebilen kirinimli bir optik elemanin tasarlanmasi amaglanmigtir.

Originality (Ozgiinliik): A new design methodology for DSLR cameras is presented using a two
regional diffractive optical element for the first time. / DSLR fotograf makineleri i¢in ilk kez iki bolgeli
kirimiml optik eleman kullanan yeni bir tasarim metodolojisi sunulmaktadir.

Results (Bulgular): Intensity distributions generated using optical wave propagation simulations
have shown that the two regional diffractive optical element can focus scene radiation on both the
sensor and the eyepiece simultaneously. / Optik dalga yayilim simiilasyonlari kullamilarak olusturulan
siddet dagilimlary, iki bolgesel kirinimli optik elemanmin sahne radyasyonunu ayni anda hem sensore
hem de goz mercegine odaklayabilecegini gostermigtir.

Conclusion (Sonug): The innovative optical design method for DSLR cameras proposed in this study
eliminates the need for complex lens systems traditionally used in eyepieces, offering a novel
alternative. The effectiveness of the proposed designs was validated through comparisons with ideal
lenses possessing similar optical parameters./ Bu ¢alismada dnerilen DSLR kameralar i¢in yenilikgi
optik tasarim yontemi, geleneksel olarak goz merceklerinde kullanilan karmasik lens sistemlerine olan
ihtivaci ortadan kaldwrarak yeni bir alternatif sunar. Onerilen tasarimlarin etkinligi, benzer optik
parametrelere sahip ideal lenslerle yapilan karsilastirmalar yoluyla dogrulanmugstir.
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Digital Single-Lens Reflex (DSLR) cameras have widespread applications across various fields.
Yet, their reliance on eyepieces poses limitations on their functionality. To address this constraint,
a comprehensive optical system approach utilizing specialized diffractive optical elements,
enabling concurrent focusing on both the viewfinder and the image sensor has been developed in
this study. The effectiveness of this innovative design approach has been verified through
comparative analysis with conventional separated ideal lenses. The outcome of the simulations
was shared, and this study is expected to pave the way for advanced optical system designs and
inspire novel approaches in camera technology development.

Kirmmh Lens ile Ortak A¢cikhk DSLR Kamera Tasarim Yaklasim
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Sayisal Tek Mercek Yansimali (DSLR) kameralar gesitli alanlarda yaygin uygulamalara sahiptir.
Ancak g6z merceklerine olan bagimliliklari, islevselliklerine sinirlamalar getirmektedir. Bu
kisitlamay1 gidermek igin, bu caligmada hem vizore hem de goriintii sensoriine eszamanli
odaklanmay1 miimkiin kilan, 6zel kirmnimli optik elemanlart kullanan kapsamli bir optik sistem
yaklagimi gelistirilmistir. Bu yenilik¢i tasarim yaklagiminin etkinligi, geleneksel ayrilmig ideal
merceklerle karsilastirmali analiz yoluyla dogrulanmustir. Simiilasyon sonuglarinin paylasildigi
bu calismanin, ileri optik sistem tasarimlarinin 6niinii agmasi1 ve kamera teknolojisi gelistirmede
yeni yaklagimlara ilham vermesi beklenmektedir.

Kirmmimh Optik Eleman

1. INTRODUCTION (GIRiS)

Technological progress has introduced new
possibilities in camera design. The evolution has
seen a transition from traditional single-lens reflex
cameras to digital versions (DSLRs), with a current
shift toward mirrorless models. Despite this
evolution, the unique capability of interchangeable
lenses continues to make DSLR cameras
indispensable in both scientific and industrial
applications.

The core design of DSLR cameras incorporated a
mirror system that enabled users to view scenes
directly through an eyepiece before redirecting light
to the image sensor. While this traditional design
had limitations, particularly for video capture, the
advent of mirrorless systems offered a solution by
providing simultaneous scene capture and digital
preview capabilities. However, despite the

advantages of mirrorless technology, it has not
entirely replaced mirror-based systems.

Though eliminating the mirror simplifies the DSLR
camera structure, it presents new challenges. Digital
previews cannot perfectly replicate the optical
viewing scene, with limitations in conveying scene
characteristics such as contrast accurately.
Additionally, mirrorless systems face difficulties in
viewing in bright sunlight. These limitations
highlight the need for an innovative optical solution
that combines the benefits of mirrorless design
while maintaining true optical viewing capabilities
[1-6].

Diffractive optical elements have begun to be used
in many applications due to their design freedoms
and advantages over refractive lenses. It is expected
to replace refractive optics in the future. Diffractive
optics in common aperture optical systems have
begun to be designed and - have the potential to
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create solutions for many electro-optical systems
soon. DSLR camera design is a well-known
common aperture design problem in the literature.
Although optical structures such as beam splitters or
mirrors are used in common aperture designs, better
solutions may be produced with the advantages of
diffractive optics [7-12].

Based on the literature, Bauer et al. [1] explored the
design of electronic viewfinders using freeform
optics, focusing on a mirrorless configuration with
an OLED-based (organic light-emitting diode)
display. In a follow-up study, Bauer et al. [2]
developed a similar viewfinder with an OLED-
based display and five reflective surfaces, also in a
mirrorless configuration. Hamed et al. [6] examined
optical viewfinders, presenting a detailed table of
the limitations of digital optical viewfinders. Lim et
al. [13] investigated mechanical mirror systems
aimed at improving mirror speed. Additionally,
Yoon et al. [14] compared DSLRs and digital
cameras, analyzing image capture through mirrored
structures versus faster digital systems. While both
mirrorless and mirrored approaches have their
respective advantages and drawbacks, a gap exists
in the literature. This study aims to address that gap
by proposing a design approach that combines the
fast scene-capturing capability of mirrorless DSLRs
with the ability to produce an exact image of the
scene, without conversion, as seen in mirrored
DSLRs.In this study, a novel DSLR camera design
approach is proposed, using a common aperture
with a diffractive optical element. With this
proposed design approach, a mirrorless DSLR
camera with an eyepiece design has been developed
without any mirror or OLED components.

2. THEORETICAL BACKGROUND (TEORIK
ALTYAPI)

Fresnel Zone Plates (FZPs) consist of alternating
opaque and transparent concentric rings. When
designed precisely, each ring contributes to
achieving the desired focus, enabling FZPs to
operate similarly to refractive lenses. FZPs can be
classified as Phase FZPs (PFZPs) and Amplitude
FZPs (AFZPs) depending on how these concentric
rings interact at the focal point. Because they have

a higher diffraction efficiency than amplitude types,
PFZPs are favored in many applications and are
good substitutes for conventional refractive lenses.
A 2-level PFZP was chosen for this study due to its
higher diffraction efficiency and less computational
time [8-12].

The simple working principle of a DSLR camera is
shown in Figure 1. The scene is common in both the
eyepiece and sensor. While taking a photograph, the
mirror closes the eyepiece and the radiation coming
from the scene directly falls onto the sensor. The
picture of the scene seen by the eye is captured on
the sensor.

The mirror configuration can be redesigned by
using the two regional diffractive optical elements.
The two regional behaviors of the diffractive lens
make it possible to focus the scene into two different
paths. With this method, scene radiation will be able
to reach both the sensor and the eye at the same
time. The application of this method offers a new
design approach for DSLR cameras [5, 6].

2.1.Optical Model Of DSLR Design Approach
(DSLR Tasarim Yaklagimmin Optik Modeli)

The proposed design approach modifies the
traditional DSLR camera configuration in several
key ways. The first is the pentaprism and mirror are
removed. Second, the diffractive lens is inserted
into the optical system. The advantages of the new
design modification offer several benefits. First, it
eliminates the need for complex optical elements
like the pentaprism and second, it removes design
constraints associated with the traditional mirror
structure in DSLR cameras.

The new configuration maintains  similar
functionality to a standard DSLR camera while
potentially offering a more streamlined and
simplified design. By replacing conventional
optical components with diffractive optical
elements, the approach may lead to more compact
or efficient camera systems. The simplified working
diagram is shown in Figure 2.
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Figure 1. Optical configuration of the DSLR camera. Scene radiation falls directly onto the mirror after
passing the field lens. According to the position of the mirror, the radiation falls on the sensor or
eyepiece. By the moving mirror, the field seen by the eye is directly saved on the sensor. Based on the
mirror's position in the system, the left in a) image represents the scene as viewed through the viewfinder,
while the right image in a) represents the scene as captured by the sensor. b) depicts the mirrorless DSLR
configuration. The scene is generated digitally on the OLED display and seen by the eye with the
eyepiece. (DSLR kameranin optik yapilandirmasi. Sahne radyasyonu, alan merceginden gegtikten sonra dogrudan aynaya

diiser. Aynanin konumuna gore radyasyon, sensor veya géz mercegine diiser. Hareket eden ayna sayesinde, goziin gordiigii alan
dogrudan sensore kaydedilir. Sistemdeki aynanin konumuna bagl olarak, a)'daki soldaki goriintii, vizdrden goriilen sahneyi
temsil ederken, a)'daki sagdaki goriintii, sensor tarafindan yakalanan sahneyi temsil eder. b) aynasiz DSLR yapilandirmasini
tasvir eder. Sahne, OLED ekranda dijital olarak Uretilir ve g6z mercegiyle goz tarafindan goriiliir.)

Field Lens

Optical axis—————|-—— = <

Figure 2. Working principle of the proposed DSLR camera design approach with two regional diffractive
lens. The scene radiation directly falls on the field lens. After passing the field lens the radiation falls
directly on the diffractive lens. The diffractive lens splits the beam in two ways. One directly falls on the
sensor. The second way falls directly on the eye. By this method, the beam is split into two ways. The
diffractive lens behaves like a focusing beam splitter.(Onerilen iki bolgesel kirmimli lensli DSLR kamera tasarim
yaklagiminin ¢alisma prensibi. Sahne radyasyonu dogrudan alan lensine diiser. Alan lensini gegtikten sonra radyasyon dogrudan
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kirmimli lense diiser. Kirmimli lens 1s1n1 iki sekilde béler. Biri dogrudan sensére diiser. ikinci yol dogrudan goze diiser. Bu
yontemle 1s1n iki sekilde boliiniir. Kirmimli lens odaklama 1s1n ayirict gibi davranir.)

2.2.Optical Model of Diffractive Lens
(Karimimli Lensin Optik Modeli)

Scalar diffraction theory offers two key
approximations, Fresnel and Fraunhofer which are
widely applicable across various optical systems.
These approximations provide analytical and
numerical methods for studying wave distributions
in both near-field (Fresnel) and far-field conditions
(Fraunhofer). The mathematical foundation for
these analyses is the Huygens-Fresnel integral,
which can be expressed in terms of a Fourier
Transform when using the Fresnel approximation.
The approximation is defined as follows [7, 20].

kd g xey? (s
|(X'y) € e S{V(X',y')eid(() (y))} (1

“iad )

In the case of uniform plane wave illumination, the
amplitude distribution remains the same between
the source plane and the lens plane, with only a
phase difference present. Over typical propagation
distances, this phase difference  becomes
insignificant as the wave travels through and before
the lens plane. The propagation geometry is shown
in Figure 3 with source, lens, and image planes
[19,20].

The thickness of each phase level corresponds
roughly to the wavelength of the light. This property
allows for a simplified calculation method using an
aperture function, enabling a one-step propagation
approach. Mathematically, this can be expressed
using the Fourier Transform and the diffractive
optical element's aperture function [21].

By applying this one-step propagation method to the
optical system's geometry, we can efficiently
calculate both the amplitude distribution in the
image plane (using the Fresnel approximation) and
its corresponding angular spectrum.

1 <4l Vg ikd 1 (xR =( Ay 2
0 y)= 3 Slae, et T |6

The Huygens-Fresnel integral operates within
specific constraints defined by the Fresnel
approximation. The  applicability —of this
approximation is determined by the Fresnel number,
which serves as a quantitative measure for the
validity range of the approximation in optical wave
propagation scenarios [7, 11, 22].

Ng =—- (3)

The applicability of the Fresnel approximation is
determined by the Fresnel number. A Fresnel
number below 1 indicates ideal conditions for
applying the approximation. However, the
approximation remains reliable for Fresnel numbers
as high as 20 or 30. The phase Fresnel zone plate is
designed with varying material thicknesses in
different regions. These thicknesses can be
calculated using the following formula and the
structure of the phase Fresnel zone is defined in
Figure 4 [7, 11].

-1/
( iZ)(nfl) @

t, =

In equations 1, 2, 3, and 4, the following symbols
are used.

i
(x.y)

1(x,y)

: 2D Fourier Transform

: amplitude distribution in the
source plane

: amplitude distribution in the
image plane

. distance between source and
image plane

: wavelength

. : Fresnel number

: radius of a circular lens aperture
: Ith level thickness

o

: refractive index of the material
: phase Fresnel subzone level

: total level of the phase Fresnel
zone plate

=S 9 Z >
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Figure 3. Optical wave propagation geometry. The geometry is the two step wave propagation geometry.
In the first propagation, the beam propagates from the source plane to the lens plane. In the second
propagation, the beam propagates from the lens plane to the image plane. 1(x,y), I'(x',y’), and 1"(x",y")
are the amplitude distribution in the image plane, in the lens plane, and in the source plane respectively.
(Optik dalga yayilim geometrisi. Geometri iki adimli dalga yayilim geometrisidir. Ilk yayilimda, 151n kaynak diizleminden
mercek diizlemine dogru yayilir. fkinci yayilimda, 151n mercek diizleminden gériintii diizlemine dogru yayilir. | (X, y) . '(X', y')

,ve | "(X", y") sirastyla gortintii diizlemindeki, mercek diizlemindeki ve kaynak diizlemindeki genlik dagilimidir.)
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Figure 4. 2-Level Phase Fresnel zone plate material structure. The structure has been showed on a
substrate material. (2-Seviyeli Faz Fresnel bélge plaka malzeme yapisi. Yapi bir alttas malzemesinde gosterilmistir.)

2.3. Optical Model Of Combined Diffractive Aal (x',y') . aperture function of the
Lens central region
(Birlestirilmis Kirmimli Lensin Optik Modeli) A\)uter (X', y') : ap_erture function of the outer
region
The regional diffractive lens consists of two S : total number of phase Fresnel
separate regions: a central region corresponding to zones of the outer region
the sensor and an outer region corresponding to the N : total number of phase Fresnel
eye. Each region requires distinct parameter zones of the central region
calculations to define its aperture function. These shift : focus shift in the x direction
parameters depend on the specific focal lengths, r : 1" phase Fresnel zone radius
wavelengths, and the number of phase Fresnel zones !
and subzones. Consequently, the overall aperture M : (I-1)th phase Fresnel zone
function is obtained by combining the individual radius _
aperture functions of the central and outer regions. Do  diameter of the outer region
The mathematical expressions for the aperture D - diameter of the central region
functions of these regions are presented in o " .
Equations 5 and 6. circ(x', y") : circular function [10,11]

In the equations 5 and 6, the following symbols are
used.
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N*L _ L chi .
A (X Y) = exp[— i =Y 2) circ( X+shift ,lj - circ(
= L hooon

S

2

|

M

3.SIMULATIONS AND
(SIMULASYONLAR ve BULGULAR)

RESULTS

The analysis of two regional (central and outer)
diffractive optical elements was conducted using
MATLAB software, employing optical wave
propagation technigques. Rather than using a two-
step wave propagation approach, the simulation
applied propagation methods directly to the lens
structures. The investigation was limited to a single
wavelength for verification purposes. Tables 1 and
2 provide a comparison between the diffractive

X"+shift L | circ X' ’ y' (5)
r-I—1 rI—l Dcen /2 Doen /2
eXp(— 27 ﬂj{circ[xl;hm , l} - circ( X—shift ,YJH.{circ[ X , y ] - circ[ X ) y H (6)
L L rI rI IPl—l Doul /2 Dout /2 Doen /2 Dcen /2

optical lens parameters and their equivalent ideal
lens counterparts.

The sampling parameters were carefully selected to
comply with the Nyquist sampling criteria, ensuring
appropriate sampling parameters in both the spatial
domain for the lens and the spatial frequency
domain for the image planes. To evaluate the
effectiveness of the design, comparisons were made
between the proposed approach and discrete ideal
lenses with matching optical characteristics. The
simulation results are shown in Figure 5 and Figure
6.

Table 1. Optical parameters of the central region with equivalent ideal lens (Esdeger ideal mercek ile merkezi
bdlgenin optik parametreleri)

Parameters Value
< Focal length () 100 mm
> Wavelength (1) 550 nm
014 Distance (d) 100 mm
g Fresnel Number (N ) 454
o Number of Phase Fresnel Zones (N ) 1536
© shift 8 mm
Focal length ( f ) 100 mm
S § Wavelength (1) 550 nm
S Distance (d ) 100 mm
Diameter ( Dg,,) 10 mm

Table 2. Optical parameters of the outer region with equivalent ideal lens (Esdeger ideal mercek ile dis blgenin
optik parametreleri)

Parameters Value

S Focal length ( f ) 100 mm
[}

g > Wavelength (A ) 550 nm

o Distance (d ) 100 mm
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Fresnel Number (N ) 891
Number of Phase Fresnel Zones (S ) 2045
shift -8 mm
Focal length ( f ) 100 mm
i é Wavelength (1) 550 nm
2 ] Distance (d) 100 mm
Diameter (D, ) 14 mm

a) The aperture function of the central region and its shifted focus. (Merkezi bélgenin agiklik fonksiyonu ve
kaydirilmis odak noktasi.)

b) The aperture function of the equivalent ideal lens and its on axis focus. (Esdeger ideal mercegin agiklik
fonksiyonu ve eksen iizerindeki odak noktasi.)

1 . .
— Diffractive
:'?0.8 I — lIdeal |
(/1]
c
93
£06 ]
T
N
=04/ 1
[
£
o
Z 0.2 [ b

-0.1 -0.05 0 0.05 0.1
Distance (mm)

¢) Comparison of the 1D intensity distributions of the diffractive lens and its equivalent ideal lens.
(Kirmiml mercek ve esdeger ideal mercegin 1D yogunluk dagilimlarinin karsilagtirilmast.)
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Figure 5. Simulation results of the central region and its equivalent on axis ideal lens. The ideal lens
parameters were taken similarly with the diffractive lens in order to make a reasonable comparison as

shown in Table 1. (Merkez bélgenin ve eksen iizerindeki ideal esdeger mercegin simiilasyon sonuglar1. Ideal mercek
parametreleri, Tablo 1'de gosterildigi gibi makul bir karsilastirma yapmak igin kirinimli mercek ile benzer sekilde alindi.)

a) Aperture function of the outer region and its focus. (Dis bélgenin agiklik fonksiyonu ve odagi.)

b) Aperture function of the equivalent ideal lens and its on axis focus. (Esdeger ideal mercegin agiklik fonksiyonu

ve eksen iizerindeki odak noktasi)

1
— Diffractive

:'?0.8 I —ldeal
(72}
c
g
c£06
©
8
=04-
©
£
6
= 0.2 /JJ“]AA

-0.1 -0.05 0 0.05 0.1
Distance (mm)

c) Comparison of the 1D intensity distributions of the diffractive lens and its equivalent ideal lens.
(Kirmimli mercek ve esdeger ideal mercegin 1D siddet dagilimlarinin kargilagtirilmasi)

Figure 6. Simulation results of the outer region with equivalent ideal lens. The ideal lens parameters were

taken similarly with the diffractive lens in order to make a reasonable comparison as shown in Table 2.
(Esdeger ideal mercek ile dis bolgenin simiilasyon sonuglari. ideal mercek parametreleri, Tablo 2'de gosterildigi gibi makul bir
karsilastirma yapmak i¢in kirinimli mercekle benzer sekilde alindi.)
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4. DISCUSSION (TARTISMA)

Simulation results are presented in two figures: one
depicting the central sensor focus region of the
DSLR camera design, and another showing the
outer eyepiece region (Figures 5 and 6 respectively)

Analysis reveals that the diffractive lens's central
region performs comparably to an ideal lens with
similar characteristics. However, the outer region
exhibits different behavior, notably an increase in
secondary maxima within the intensity distribution
pattern. This divergence can be attributed to the
circular obstruction present in the lens design,
which amplifies these secondary maxima effects.
The spatial resolution of both the sensor and the
eye-view component of the optical system can be
determined using the Rayleigh resolution criterion
[15]. The radius of the airy disc sets the spatial
resolution limit of an electro-optical system, as
expressed by the following formula.

r, =1.22F, (7)

Using the equation, the spatial resolution of the
inner part of the DOE at the focal point is 6.7 pm,
while the outer part achieves a spatial resolution of
4.8 um. The spatial resolution is directly related to
the F# of the DOE. To achieve lower spatial
resolution, either the diameter of the DOE can be
increased, or the focal length can be reduced. The
parameters in this study are determined to validate
the accuracy of the proposed design approach for
this novel DSLR camera. Additionally, adjustments
can be made for different sensor sizes or spatial
resolutions by modifying the "shift" parameters
listed in Tables 1 and 2 accordingly and F#. For
high-resolution sensors, such as those with a pixel
size of 2-3 um, an F# of 3 or 4 can be achieved by
increasing the diameter to approximately 30 mm or
decreasing the focal length to 30 mm as an example.
Therefore the parameters of the diffractive lens can
be adjusted according to the sensor.

The research focused on demonstrating the viability
of a common aperture DSLR design using just one
wavelength as a simplified test case. While this
initial proof of concept was limited to a single
wavelength, the optical system can be adjusted and
enhanced for different wavelengths across the
visible spectrum. The same design principles with
optimization techniques could be applied to
accommodate other visible wavelengths [23-25]. In
this research, it is chosen to verify the design

approach with only one wavelength to reduce
complexity and provide a clear initial validation.

The methodology developed in this research
extends beyond DSLR cameras to potentially
benefit various devices, including smartphones,
ultimately enhancing user experience. Although the
verification process specifically focused on DSLR
cameras, the principles can be adapted for any
optical system requiring an eyepiece. Besides these,
the common aperture design proposed here can also
be generalized for applications where different
spectral bands are used together [26].

This study successfully validated a novel design
approach for DSLR cameras incorporating
diffractive optical elements, overcoming previous
limitations. The versatility of this design
methodology makes it applicable to a broad range
of electro-optical systems that utilize eyepieces,
demonstrating its potential impact beyond just
camera technology.

5. CONCLUSION (SONUC)

The novel optical design method for Digital Single
Lens Reflex Camera (DSLR) introduced in this
research removes the need for complicated lens
systems typically associated with eyepieces,
presenting an innovative alternative. The results of
the designs were verified by comparing them with
ideal lenses with similar optical parameters.

The proposed design approach eliminates the
drawbacks of mirrored and digital structures that
recreate the image used in eyepieces.
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