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Binocular  stereoscopic  microscopes of medical destinations typically
employ objective lenses with a long object distance and relatively low magnification [1].
Varifocal types of stereoscopic microscopes enable users to observe objects at different
object distances. This improves viewing experience and convenience in surgical
procedures.

The purpose of this study is to examine the possibilities of global optimization
techniques in performing automated parametric synthesis of high-quality decentered
varifocal objective lenses for given technical parameters of the system.
The methods used here are optical system design theory, theory of aberrations, and
constrained continuous global optimization.

In this research, the results of an automated synthesis of a five-lens varifocal
objective lens for a binocular stereoscopic microscope are presented. The optical system
was automatically generated by using proprietary optical design software PODIL [2]
with an implemented modified differential evolution algorithm.

The objective lens is intended to operate within the visible spectral range (0.47 to
0.65 micrometers) with eyepieces and/or digital color image sensors. Its optical system
considered in this work has two optical components with spherical surfaces. The first
(inner) optical component contains a cemented doublet and a single lens. To ensure
sharp focusing at object distances within the range of 200 to 400 mm, the first
component is shifted along the optical axis. The second (external) optical component is
designed as a cemented doublet with a fixed spatial position relative to a microscope’s
case.
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Fig. 1. Schematic optical diagram of the developed varifocal objective lens of a stereoscopic binocular
microscope
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The objective lens is designed in a reverse ray pass. The aperture stop with a 15.4-
mm diameter is set at the tube component and is decentered on 12 mm from the optical
axis. To provide focusing at different object distances (200, 250, 300, 350, and
400 mm), the corresponding lens configurations have been created in the program.

In all lens configurations, the angular field of view (FOV) is set constant to
5.5 degrees. The image field diameter varies within the range of 27.2 to 42.8 mm.
Distortion is not controlled during the design process since the angular FOV is small.

Fig. 1 shows a schematic optical diagram of the designed varifocal objective lens for
a binocular stereoscopic microscope. Fig. 2 illustrates the polychromatic diffraction
modulation transfer functions (MTFs) of the system evaluated in one configuration for
different field points.

In summary, modern global optimization algorithms can be an effective tool in an
automated optical design of objective lenses with high image quality operating with
different object distances.

The report may be interesting to engineers developing binocular stereoscopic
microscopes for medical or other applications.
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Fig. 2. Polychromatic diffraction MTFs of the generated objective lens shown at the configuration with
the object distance equal to 200 mm. Field numbers #1 to #4 correspond to field angles 0°, 1°, 2°, and
2.75°, respectively
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Pi3HOMaHITTS 3ac001B, Kl NpHU3HAYEH] A YpaKeHHs OOHOBOI MAIlMHHU 3 PI3HUX
HamnpsAMKIB, 3HAYHO YCKJIAQJHIOE BUPIIIECHHS 3aBJlaHb 3a0€3MEYeHHs ii KUBYUYOCTI.
[IpoGnema xuBydocTi 00MOBOI MAaIIMHU SABJISETHCS KOMIUIEKCHOW. JIJIsI KOMITJIEKCHOT
OI[IHKU >KMBYYOCTI 3pa3ka HEOOXiJHO BHUKOPHUCTOBYBATH PO3PaXyHKOBO - TEOPETUYHI
MeToau. OuH 13 METOMIB OINHKMA Ta MiJABUIICHHS €()EeKTUBHOCTI >KMBYYOCTI 00IOBOI
MAaIllMHU K CBig4aTh AOCTHimKeHHS [1, 2, 3] - 1le BHKOPUCTaHHS aBTOMATH30BaHOI
CUCTEMH TIPOTHUII 3aco0aM MOBITPSIHOTO Hamajay, B SIKHX BPaXOBYIOTHCS MOMPABKU Ha
pyX LIl 1 HOCISl, Yyac MOJbOTY, NAJIbHICTh CTPLILOU, OAICTUYHI MOMPaBKU 1 TaKe 1H.,
3MIMCHIOETHCS CYMIIIEHHS MPUIUIBHOI MITKA 3 LUK 1 CTpUIb0a. A Il BUCOKOI
HAJIMHOCTI 11 CHUCTEMH MaroTh OyTH OIHOKYJISPHUMH KOJIMATOPHUMH MPHUIIIBHUMU
npuctposimu (KIIIT) HaiimpocTimoi KOHCTPYKIIi: HalpuKiIaa, 3 00’€KTUBOM y BUIJIAII
TOHKOrO AyOsieTy, B (OKaJIbHIA IUIOIIMHI SIKOTO BCTAHOBJIEHO JHUCIUIEH 3 OJOKOM
yrnpasisiHHs [2]. B Takomy pas3i omeparop OIHHMM OKOM CIIOCTEpIira€ KOJiMOBaHY
iH(popMmalito, cpopMoBaHy Ha IUCILIEI, a THIIMM OKOM — OTOYYHOUMHA MPOCTIpP 3 IIJLIIO.
Cywmimiennst 300pakeHb BiOyBaeThcsi B MO3Ky sonunu. l[lome 3opy KIIIT mae
JOPIBHIOBATH Jiaa3oHy KyTiB yHepemKeHHS LU 2y, SKUA BU3HAYAETHCS 3aJICKHICTIO
[2]:

2yp= 2000V, sing /Vy ey (Mpan), (1)
ne V, — WBHUIKICTh L1,  — KypCOBHM KyT (pakypc) 1, Vicep — CEPEIHS MIBUAKICTD
Ooenpuracis, M0 3aCTOCOBYIOThCSI BM.

3rigHo (1) makcumanbHe 3HadeHHs 2y™ mae micue npu = 90°. Hanpuknaz, mpu
ctpuip0i 3 AKM nHa panpHicTh 760 M (Vicep= 414 M/c) mo apony-kamikanze «lllaxen-
136» (V,= 45 m/c) none 3opy KIIIT o ropuzonram 2y."* mae Oytu He MeHmie 218
mpan (£6,25°). Ilpu ctangaptHoMy popmarti auciuiero 3:4 BepTUKaIbHA CKJIaJ0Ba MOJIs
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