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BBEAEHWE
Kputepuri IUPPaKIMOHHOIO OTPAaHUYEHHUS SIBIIS-
eTcsi Haubonee ymobHBIM CIIOCOOOM CpaBHEHHUS pas-
JIMYHBIX OIITHYeCKHX CXeM O6'I)eKTI/IBOB. LLJ'U{ AaJ1b-
HeHIINX pacdyeToB OymeM MCIIONb30BAaTh H3BECTHBIE
dopmyel [1].

[IpenenpHOe paspelieHHe OOBEKTHBA OIPAaHHUYEHO
IUGPaKIMOHHBIM KpUTepHeM Perest

=1,22 f—
x=1, xD,

rIe X - MHHHMAa/IbHBIM pa3Mep IHKCelIa B MKM,
f’/d - ameptypa, A - pabodast ATHHA BOTHEL B MKM.

C Ipyroy CTOpoHbI, TpebyeMoe paspeleHHe 06beK-
THBA J/IsI 33IAHHOTO pa3Mepa ITHKCe/Ia MOSKHO BBIUHC-
JIUTB 110 GopmyIie

N==
2x’
rge N - MPOCTpPAaHCTBEHHAs YacToTa B IUTP/MM, X -
pa3sMep ITHUKCeIa B MKM.
Jlia pacyeTa paspelieHUs KaMephl B IHKCEIaX
HCII0/IB3yeM BBIPasKeHHE

_S

R L

rae R - paspeleHre KaMephl B ITHUKCeIax, S — IUIOMIAIb
CeHCcopa B MM?, X — pa3Mep IIHKCeIa B MKM.
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INTRODUCTION
The diffraction limiting criterion is the most con-
venient way to compare different optical designs of
objectives. For further calculations, we will use the
well-known formulas [1].

The limiting lens resolution is limited by the Ray-
leigh diffraction criterion

x=1 22%E
’ Dv

where x is the minimum pixel size in microns, {/dis
the aperture, A is the operating wavelength in
microns.

On the other hand, the required lens resolution
for a given pixel size can be calculated using the
formula

_L
T’

where N is the spatial frequency in lines/mm, x is the
pixel size in microns.

To calculate the camera resolution in pixels, use the
expression

s

szz,

where R is the camera resolution in pixels, S is the
sensor area in mm?, x is the pixel size in pm.

CLASSIC LENSES: GELIOS, INDUSTAR, TAIR

Before embarking on the development of any lens,
it is necessary to determine which of the existing
schemes could provide the given technical charac-
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«CETNOC», «UHOYCTAP», «TAUP»

[Ipexxze 4eM MPUCTYIHUTH K pa3paboTke ynoboro o6b-
eKTHBA, HYKHO OIpeleTUTh, KaKas M3 CyLIeCcTBY-
IOIIUX cXeM Moria 6pl obecrieduuTh 3alaHHBIE TeX-
HHUYeCKHe XapaKTepUCTHUKU. YacTo A pelIeHUs
IIOCTABJIEHHOM 33JlauM AOCTATOYHO HCIIOIb30BaTh
IIPOCTYI0 M U3BECTHYIO CXeMy OOBeKTHBA, a He 3aHU-
MarTbCsl pPa3paboTKON OPUTHHATBHOM.

Bupg o6beKTHBOB U TPadUKH OITHYECKOH IIepe-
JAaTOYHOM (QYHKLMH IIOKa3aHBl Ha pHC. 1, a HX
OCHOBHBIe IIapaMeTphl OLIEHHM IPH OFHMHAKOBBIX
YCIIOBUSX:

¢ IUPPAKLHOHHO-OTPAaHUYEHHOe pa3pelleHHUe;

¢ OTCYTICTBHE BUHBETHPOBAHUSI.

[TapaMeTpsl 06BEKTHBOB IpefCTaBlIeHbl B Tabi. 1.
O6BeKTHBBI pacCUUTaHBI J1si popmarta ceHcopa 1/3",
KOTOPBIN B IIOC/IefiHEe BpeMsl IIHPOKO IIPUMEHSIeTCs
BO MHOTHUX TeXHHUUYeCKHUX YCTPOMCTBAX.

HecMmoTpsi Ha TO, UTO IIOJNyYeHHBble B XOZe pac-
YeTa pe3y/lbTaThl BIIOJTHE OYEBHAHBI U OXKHUIAEMBI,
(HanpuMep, obbekTHUB «[enmoc» [2], cocToSIMI
M3 IIeCTH JIMH3, UMeeT JIydllee pa3pelleHHe B CPaB-
HeHHUH c obvexTUBaMU «HHAycTap» [3] u «Taup» [4]),
Ha OCHOBe 3THX 0a30BBIX JAHHBIX MOXKHO CHeJIaTh
IIpeJBAPUTEIBHYIO OLIeHKY M BHIOPAaTh ONTHMAJIb-
HYI0 CXeMy oObeKTHBa /sl KaMepbl T060ro HasHa-
yeHHs. IIo7B3ysChb MeTOAOM MaIITabHpoOBaHUS
KOHCTPYKTHBHBIX I1apaMeTpPOB OOBEKTHBA, MOKHO
IIONY4YUTh TpebyeMoe codeTaHHe BeTHYUH YIJIOBOTO
1011, OTHOCHUTEJIBHOIO OTBEPCTHUS U Ppas3pelleHHUs
muis oboro popmara ceHcopa.

[Ipu cobnrogeHUH KOMIIPOMHCCA MeXIy OIpefe-
JTeHHBIMH IIapaMeTpaMH O0OBeKTHBa [JOCTHUIAeTCs
yl1ydIleHHe IIPHOPUTETHBIX. Hampumep, yMeHb-
Imasi yIJI0Boe II0JIe KK JAOIyCKas BUHBETHUPOBAHHUE
IT0 II0JI0, MOSKHO ITOBBICUTH pa3pelleHue, IPOIIOPLIH-
OHAJIPHO YBEJIMYMB CBETOCHJYy 06BeKTHBa M, Haobo-
POT, CHIKas TpeGOBAaHUS K pa3pelIeHHIO U JUCTOP-
CHH, MOKHO PaCIIHPHUTH YITIOBOE I10jie 06BeKTHBA.

Ta6nuua 1. MNapameTpbl 06BLEKTUBOB
Table 1. Lens parameters

teristics. Often, to solve the problem, it is enough to
use a simple and well-known lens scheme, and not to
develop an original one.

The view of the lenses and the graphs of the opti-
cal transfer function are shown in Fig. 1, and we
will estimate their main parameters under the same
conditions:

o diffraction-limited resolution;

* novignetting.

The parameters of the lenses are presented in
Table 1. The lenses are designed for the 1/3" sensor
format, which has recently been widely used in many
technical devices.

Despite the fact that the results obtained during
the calculation are quite obvious and expected (for
example, the Gelios lens [2], consisting of six lenses,
has a better resolution in comparison with the Indu-
star [3] and Tair [4]), based on this basic data, you can
make a preliminary assessment and select the optimal
lens design for a camera for any purpose. Using the
method of scaling the design parameters of the lens,
it is possible to obtain the required combination of
angular field, relative aperture and resolution for any
sensor format.

When a compromise is observed between certain
lens parameters, priority improvement is achieved.
For example, by decreasing the angular field or allow-
ing vignetting across the field, you can increase the
resolution by proportionally increasing the lens aper-
ture and vice versa, by reducing the requirements for
resolution and distortion, you can expand the angular
field of the lens.

GELIOS LENS

The optical design of the Gelios lens remains one of
the most widespread, despite more than a century
of history since its creation by the German engi-
neer Gauss. It should be noted that most modern
lenses are, to one degree or another, a modification

OTHOCUTeNbHOe  Pa3pelueHwue, PaspelueHue Mukcen, ®opmar T[lone,®  AucTtopcus, %
oTBepcTue JIH/ MM Kamepbl, Mn MKM Format Field, ° Distortion, %
Relative aperture Resolution, Camera Pixel,
lin/m resolution, Mp
«renuoc» 6 F/4 167 2 3 1/3" 56 1
Gelios
«HaycTap» 6 F/8 100 0,7 5 1/3" 56 3,5
Industar
«Tanp» 15 F/8 100 0,7 5 1/3" 21 2,5
Tair
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Puc. 1. O6sexmusebl: cxembl U xapakmepucmuku: a — «Feauoc», b - «MHdycmap», ¢ - «Taup»
Fig.1. Lenses: schemes and characteristics: a - Gelios, b - Industar, ¢ - Tair
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OBDbEKTUB «'EJTIMOC»
Oonruyeckas cxeMa 0b6Bbek-
THBa «[eJIMOoC» OCTAaeTCS OIHOH

Tabnunua 2. O6LEKTMB «eIMOC» C pa3NNYHbIMMU KOMBUHAUMaSMK popmaTta
CeHCOopa, Yr10BOro Nos, anepTypbl 1 paspeLlleHns
Table 2. Gelios lens with various combinations of sensor format, angular field,

M3 CaMBbIX PaCHpPOCTPaHEHHBIX,
HecMOTpsl Ha 6ojlee YeM BeKOBYIO

aperture and resolution

MMone,° AnepTypa, PaspelueHue, AvaroHanb, dopmar Mnkcen,
HCTOpPHIO CO BpEMEHH €ro Co3- Field° Fit AVIH/ MM MM ceHcopa MKM
JHaHHWS HeMeIKHMM HHXXeHepoM Aperture, Resolution, Diagonal, Sensor Pixel,
Tayccom. HyskKHO OTMETHTB, YTO Fé lin/m il format Hm
6OIBIITUHCTBO COBpEMeHHBIX 06D- 16 2.8 250 6.0 1/3" 5
eKTHUBOB SIBJISIOTCS B TOU HIH
WHOHN CTeleHH MoAudUKaIKen 28 3.5 200 11.0 2/3" 2,5
3TOro 06beKkTHBa. U ObLI0 OBI LIesTe- 35 4.0 160 130 1/1.2" 3
co0bpa3HO PaccMOTpPeTh Xapak-
TEPUCTUKU OOBEKTUBA C TOUKH 42 5.6 120 16,0 1 375
3peHHUs] MPUMEeHeHUs C LHUpo- 5 8.0 90 216 4/3" E
BBIMH CEHCOPAMH JIT MOOHIIBHBIX
YCTPOMCTB. 60 11,0 60 24,0 1.3" 75
PaccMOTpHMM CHadajza CeMeH- - 16.0 0 288 AP 6
CTBO 00BEeKTUBOB «[enroc» ¢ GUK-

CUPOBaHHBIM (QOKYCHBIM PaCCTOSI-
HHeM 21 MM U1t opMaToB ceHcopa ot 1/3" mo APS-C
IpU YCIOBUHM JHUQPPAKLMOHO-OTPAHHMUYEHHOIO paspe-
IIeHHs U IPU OTCYTCTBUM BUHbeTHUPOBAHHUS.
BapuaHTEl 00BEKTHUBOB «[eIHOC» C Pa3sTUYHBIMU
KOMOMHAIUSIMU dopMaTa CEeHCOpa, YIJIOBOTO IIOJS,
amepTypsl W paspellleHHs IOKa3aHbl B Tabm. 2.
Ha puc. 2 mpencraBieHbl IPadUKH 3aBUCHMOCTH
YIJIOBOTO I10/151 OOBeKTHBA OT allepTypsl, I'PAadUK 3aBH-
CUMOCTH pa3pelleHus OT popmaTa CeHCopa.
PaccMOTPHM CeMelCTBO 06beKTUBOB «[enroc» s
dukcupoBaHHOro ¢opmara ceHcopa 1/3". BapuaHTEH

06BekTHBa «TeTHoc» C Pa3IUYHBIMHA KOM6I/IHaLII/ISIMI/I

of this lens. And it would be advisable to consider
the characteristics of the lens from the point of
view of application with digital sensors for mobile
devices.

Let us first consider the Celios family of 21 mm
fixed focal length lenses for sensor formats from 1/3"
to APS-C, subject to diffraction-limited resolution
and in the absence of vignetting.

Variants of Gelios objectives with various combi-
nations of sensor format, angular field, aperture
and resolution are shown in Table 2. Figure 2
shows the graphs of the dependence of the angu-

YrnoBoe 1one
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Puc. 2. O6sekmus «eAuoc»: 38UCcUMOCMb Y2A08020 NOAS 06BeKMUBA 0M anepmypbl, 3a8UCUMOCMb pa3pelueHus om ¢opmama

Fig. 2. Gelios lens: dependence of the angular field of the lens on the aperture, dependence of the resolution on the sensor format
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GOKYCHBIX PACCTOSHUH, YITIOBOIO
II071s, amepTypsl U paspelieHust
[I0Ka3aHBbI B TabJI. 3.

— ‘% ONTUYECKUE YCTPOMCTBA M CUCTEMb| I

Ta6nuua 3. O6beKTUB «FeIMoC»: 3aBUCUMOCTU XapaKTePUCTUK OT paboumnx
napameTpoB
Table 3. Gelios lens: dependence of characteristics on operating parameters

Ha rpajpukax puc. 3 mpencras-
JIeHBl 3aBUCHMMOCTH pa3pelleHHus
0T QOKYCHOTO PACCTOSHHS U YIJIO-

dokycf', MM

Focusf', mm

AnepTtypa, F#
Aperture, F#

rfukcen, MKM
Pixel, pm

Mone,°
Field, °

PaspelleHne, nH /MM
Resolution, lin/m

BOTO IT0JIS1 OT aIllepTyphbl 00BeKTHBA 12 2.8 250 2 28
«[emuroc».

8 35 200 2,5 42
OBDbEKTUB «MHAYCTAP»
BapuaHThl 06beKTHBA «HHAyCTap» 6 o 160 3 >4
C Ppas3sIUYHBIMU KOM(SVHHauHﬂMH 4 5.6 120 3,75 75
GOKYCHBIX PaCCTOSHHH, YIJTIOBOTO

II0JIsL, allepTyphl U paspelleHUs
IIOKA3aHBI B Tab1I. 4.

Ha rpadukax puc. 4 mpencras-
JIeHBI 3aBHCHMOCTH Pa3pelneHus
0T QOKYCHOTO PACCTOSHHUSA U YIJI0-

Tabnuua 4. O6beKTUB «NHAYCTap?: 3aBUCUMOCTU XapakTepuUCTmMK OT paboymx
napameTpoB
Table 4. Industar lens: dependences of characteristics on operating parameters

BOT'O MOJIS OT AIIeDTVDEL O6BEKTHBA dokycf, MM  Aneptypa, F#  Pa3pelieHune, iMH/MM  TIMKCen, MKM Mone,°

PTYP Focusf, mm | Aperture, F# Resolution, lin/m Pixel, pm Field, °
«HMupycrap».

16 4,0 200 2,5 21

OBDBEKTUB «TAUP»
BapuaHTel o0OBeKTHBA «Tamp» 12 4,5 180 3 28
C Pa3sIUYHBIMU KOMOMHAIUSIMU
®OKYCHBIX PacCTOSIHUH, YIJIOBOTO 8 >.6 150 3.75 42
110715, alepTyphl H pa3pelleHHs 6 8.0 100 5 56
[TOKa3aHbI B TabI. 5.

Ha rpaj¢ukax puc. 5 mpencras-
JIeHBl 3aBUCHMOCTH paspellleHHs 0T QOKYCHOTO pac-
CTOSIHUS W YIJIOBOTO IIOJSI OT arepTyphl 0OBEKTHBA
«Tamp» myist ceHcopa 1/3".

PesynbTaThl MPOBeLeHHOIO HCC/IeJOBaHUS CBe-
meHbl B Taba. 6. Ilonb3ysick TabnuIer, MOKHO II0J0-

lar field of the lens on the aperture, the graph of
the dependence of the resolution on the sensor
format.

Let us consider the Celios lens family for a fixed
sensor format 1/3". The Gelios lens options with differ-

dopmar1/3" dopmar1/3"
300 80
70
250 - PaspemreHue
60 -
200 - 50 |
2 g o
= 150 - g 40 t Tlone
S| o
= T30 |
100 ~
20
doKycC
50 - 10 :
DoKycC i \
0 L I = 0 L L L L
12 8 6 4 2,8 3,5 4,0 5,6
dokyc Armeprypa
Puc. 3. O6vexkmus «Ieauoc»
Fig. 3. Gelios lens
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Tabnuua 5. O6beKTMB «Tamp»: 3aBUCUMOCTU XapakKTePUCTUK OT paboumx
napameTpos
Table 5. Tair lens: dependence of characteristics on operating parameters
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ent combinations of focal lengths,
angular field, aperture and resolu-
tion are shown in Table 3.

The graphs in Fig. 3 show the

Qokycf, MM  AnepTypa, F#  Pa3peweHue, AMH/MM | TlMKCen, MKM .
Focusf', mm | Aperture, F# Resolution, lin/m Pixel, pm dependence of the resolution on
the focal length and the angular
35 4.0 150 3 10 field on the Celios lens aperture.
25 5,6 120 3,75 14 INDUSTAR LENS
Industar lens options with vari-
= el 2 £ 21 ous combinations of focal lengths,
10 110 60 75 32 apgular field, aperture and resolu-
tion are shown in Table 4.
dopmar 1/3" dopmar 1/3"
250 60
200 L PaspeneHue 50
40
§ 150 |- 9 Hone °
= 5 30
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N | 10 \
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Puc. 4. O6bsekmus «HOycmap»
Fig. 4. Industar lens
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Fig. 5. Tair lens
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6paTh BapHaHT ceHCopa U 06beKTHBA C TpebyeMBIMU
napaMeTpaMu: GOKYCHBIM PacCTOSIHHEM, allepTypoH,
Ioj7eM 3peHHusi, POpMaTOM U paspelleHHeM.

3AK/TKOYEHUE

Knaccuueckue OO6BEeKTHUBBL I[IPU  I[IPABUIBHOM
BbIGOpe ceHcopa obecrieuuBaOT AUPPAKIIMOHHO-
OrpaHUYeHHOEe pa3pelleHHe M MOTYT YCIIeIIHO IIPH-
MEHSIThCSL B COBPeMEHHBIX IIHUQPOBBIX YCTPOMCTBAX
pPa3nUYHOrO Ha3HaueHHs. ONTHUMAJIBHYIO CXeMy
0bBerTHBA ISl KaMepsl JIF060ro HasHA4YeHUs] MOSKHO
BbIOpaTh IpU COOMIONEHUH KOMIIPOMHCCA MEXKAY
Olpefie/IeHHBIMU IlapaMeTpaMHu 00BeKTHBA. I10Ib-
3ysCh METOLOM MaIlITabHpOBaHHS KOHCTPYKTHBHBIX
IIapaMeTpoB OOBEKTHBA, MOXKHO IIOJNyYHUTh Tpebye-
Moe COYeTaHHe BeJTUUHH YITIOBOTO I10/151, OTHOCHTENb-

Tabnnua 6. Pe3ynbTaThl MCCIEA0BAHUMN
Table 6. Research results

— ‘@ ONTUYECKUE YCTPOMCTBA M CUCTEMb| I

The graphs in Fig. 4 show the dependence of the
resolution on the focal length and the angular field on
the Industar lens aperture.

TAIR LENS

Tair lens options with various combinations of focal
lengths, angular field, aperture and resolution are
shown in Table 5.

The graphs in Fig. 5 show the dependence of the
resolution on the focal length and the angular field
on the Tair lens aperture for a 1/3" sensor.

The results of the study are summarized in
Table 6. Using the table, you can select the version
of the sensor and lens with the required parameters:
focal length, aperture, field of view, format and
resolution.

®opmart AnaroHarp, dokycf', AnepTypa, Munkcen, Pa3pelleHune PaspelleHue,

ceHcopa MM MM F# MKM Kamepbl, Mn JIUH [ MM

Sensor Diagonal, Focusf', Aperture, Pixel, Camera Resolution,

format mm mm Fit pm resolution, Mp lin/m

1/3" 6 8 «renuoc» 40° 3,5 2,5 2,8 200
Gelios

1/3" 6 12 «rennoc» 28° 2,8 2 4,3 250
Gelios

1/3" 6 21 «rennocy» 16° 2,8 2 4,3 250
Gelios

2/3" 11 21 «fennoc» 28° 3,5 2,5 9,3 200
Gelios

2/3" 11 52 «MHpycTap» 12° 4 2,7 8 180

Industar

1" 16 21 «fenuoc» 42° 5,6 3,75 8,75 133
Gelios

1.1" 17.8 75 «NHpycTap» 12° 4 2,7 12 140

Industar

4/3" 21.6 21 «rennoc» 54° 8 5 9 100
Gelios

1.3" 24 21 «renvoc» 60° 11 7,5 43 67
Gelios
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HOI'0O OTBEPCTHSA H pPa3pelleHHs OJId nrob6oro cpopmaTa
CeHCOopa.
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CONCLUSION

With the right choice of sensor, classic lenses provide
diffraction-limited resolution and can be successfully
used in modern digital devices for various purposes.
The optimal lens layout for any camera application can
be selected by making a compromise between the spe-
cific lens parameters. Using the method of scaling the
design parameters of the lens, it is possible to obtain
the required combination of angular field, relative
aperture and resolution for any sensor format.

ABOUT AUTHORS

Shishkin Igor Petrovich, Candidate of Technical Sciences, shipoflens@mail.ru,
RTC“LEMT" BelOMO, Minsk, Republic of Belarus.
ORCID ID: 0000-0002-4592-1060

Shkadarevich Alexey Petrovich, Doctor of Technical Sciences, RTC «LEMT» BelOMO,
Minsk, Republic of Belarus.

CONTRIBUTION BY THE MEMBERS OF THE
TEAM OF AUTHORS

The article was prepared on the basis of many years of work by all members of
the team of authors. Development and research are carried out at the expense of
RTC"“LEMT" BELOMO.

CONFLICT OF INTEREST

The authors claim that they have no conflict of interest.

KoMnakTHele MHbpakpacHsie CNeKTROMETPYYECKWE MOAYNW, OXBaTLIBAKWWE
OWanasoHsl AnwHd sond 1350-1650 1w, 1550-1850 Hm 1 1750-2150 Hm.
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