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(57) Abstract

" A wide angle objective system is described for, inter alla. CCD cameras, which syswm is compact, inexpensive and satisfactoril
corrected. It comprises a front meniscus lens (L1), a thick convex-concave central lens element (L2) and a biconvex lens element (L3), the !
two last-mentioned elements preferably being cemented together, the pupil (P) being present at the area of the exit surface (4) of the second

lens element and the first and the third element (L;, L3) being made of, for e le, P
for example, PC. ) being xample, PMMA and the second element (L2) being made of,




25 coupled to-other such stations, so that visual data can be transmtted .
together with the actual data fromone station to other stations. These
data can be obtai ned by scanning a docunent, also referred to as

bi t mappi ng. For said applications, the objective system should have a field
of view of the order. of 2 x 35[err] or nore, a focal length of, for exanple
3 mm dependent on the surface of the inmage sensor for a CCD i nage sensor
havi ng a dlagonal of 2 Mmand an F WO 96/ 03669 .
2 . - PCT/1B95/ 00576 nunber of, for exanple F/2.5 so as to
pi ck up scenes of -sufficient.-quality, even at IOM/Iight.IeveIs. Such an

obj ective system cannot be made in accordance with the design described in -
US Patent 5,251,073 because it-wuld then be too expensive. Mreover, this .
system has a resol ving power which is too snmall and exhibits too nuch
spherical aberration and 5 astigmatism the latter effect being
particularly troubl esone in said bitmapping application. It is an object of
the present invention to provide an objective systemfor, inter alia said
‘application, which systemis inexpensive and conmpact, has a-satisfactory 10
colour correction and little astigmatismand distortion, and a satisfactory
resol ving power. This objective systemis characterized in that the sixth
refractive surface is concave, in that the pupil of the lens systemis
‘present at the area of, or very proximate to the fourth refractive surface,
and in that the first and the-third | ens elenent are manufactured fromthe
same first material having a first refractive index, and the second |ens
elenent is 15 manufactured froma second material having a second
refractive index which is different fromthe first refractive index. At th‘l
area of the fourth surface the angles of incidence of the inmaging beam

whi ch angles are determ ned by the first and second | ens elenents, are
consi derabl y
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reduced as conpared with those of the beamincident on the first |ens
surface. Since the 20 transition of the second | ens el enent having the
second refw@9oénikee i ndex to the third | ens el ement havi ng t hectiBssi00576
refractive index is present at the locatlon of the pupil, which transition
has a correcting effect for the |longitudinal colour error, this error is
sat i sf acWixie dngle objectivecsystear. al | angl es of incidence of the iragi ng beam
Such an effective correction is not realised in the objective systemin
accordance w th US Patent 5,251,073, in which the pupil 25 1is not present
at the location of, or very proxinmate to a correction elenent. The

| ongi tudi nal col our error is understood to nmean that the position of the
i.mage pl ane i.s dependent on the col our, or wavel ength, of the beamor the
beam components. By mmking use of a thick second | ens el enent having the
second refractive index, the transversal colour error of the first lens

el ement having the fiThé invehtiGttdlates toale sbjestividsystedi havihgd. largeanghARsver sal
colour error is understood to nean the colour, or wavel engt h-- dependent

magni f i cpertare for demagnified dmaging #/scengrin amimage plane; rwhich isysteme vieweddnem tthe

may be separated from each other by a narrow air gap. An enbodi ment of the
obj ect i \@%ﬂ@hﬁ“ﬁﬁ@f?ﬁf §°‘BPBfeérred froma manufacturing-techni cal point

of -view.and as regfiréidess @bibat havigsa fR@HNMY secbAd taiiveR refrictive surfa
96/ 03669 PCT/ 1 B95/ 00576

that $he fourth amdecond lensielementrhaving & thied,rconvex reftastive) surfaceeand a fourthr e
and are e ether. Use is nmade of a cenenting material whose
SRl

refracti in the range between a value which is slightly |arger
than the smal | esta ¢iird keing efenieht havidg achfth fefPactive sirfadd M 4 SRE AFradfive 2
value which is slightly larger than the |argest of said refractive

The invention also relates to an image pick-up device provided with such

10 an objective system.

]

Such an objective system having, however, an extremely large angular
aperture ranging between 125° and 150°, which can be used in a CCD camera, is described
15 in US Patent 5,251,073. This system is of the retrofocus type, which is also referred to as
inverse telephoto type, which means that it has a relatively large front focal length at the
image side. The known objective system has an F number of F/2.0 and comprises at least
four and preferably six glass lens elements. In the known system, the entrance pupil between
'ﬂu:ﬁnnandthesaxnulkmsekmmuniskxmnulhlah;
20 The objective system of the present invention is intended for mass
. application and for combination with, for example an electronic image sensor, or CCD -
sensor, having a photosensitive surface diagonal of, for example 4 mm. If the objective
system is inexpensive enough, such a combination may be used in a monitoring camera, in a
videophone or in a camera which is associated with a personal computer working station
25 coupled to other such stations, so that visual data can be transmitted together with the actual
data from one station to other stations. These data can be obtained by scanning a document,
also referred to as bitmapping. For said applications, the objective system should have a field
of view of the order of 2 x 35° or more, a focal length of, for example 3 mm dependent on
the surface of the image sensor for a CCD image sensor having a diagonal of 2 mm and an F



i ndi ces. This enbodinent is preferably further characterized in that it-
satisfies the conditions 10 ' [err] in which

Klerr] igv(;;‘?o:,@@si tive focal power of the assenbly of the gegfiagoeg t he
third lens element and Klerr] is the totzal focal power of the |lens system

An i nexpensive enbodi ment of the objective system having a satisfactory 15

qual i ty nifmbefaf, F6¢ exanflé F/2.5tads tolsick gpmb@@@ﬁﬁicﬂe’n?qﬁﬂi y! &let at low ligh
manuf act ured of a synthetic material. Since all | ens el’'enehts consi st of a.

t r anspalevels. Syeh pR objective system canned bgpadetin\ascardancerwith thendesigmddsoribednini | e -

it stil ' ' i ' (o) Is [ i,ons. Mbr.eover,
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manuf acturing the lens elenments. It is to be noted that an opjective system
for dseastgmatemy thelRiene m%&mvﬂglbmgpm in: s3id bitmapping) applieation; s
known per se fromthe abstract of Japanese Patent Application 4-107407.
However, this systemconprises only two |ens elenments, a negative 25

meni scus | ens and a biconvex |ens, in which the nmeniscus | ens does not have
an aspherical surface,, The abstract neither states that the, materials of

the lens el enents arat Hi@f?}?’% :f t B%IWY?“BF-‘?IPF%‘" AR Objegtive; Systemm,for,
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refractive surface, and in that the first and the third lens element are manufactured from the
same first material having a first refractive index, and the second lens element is
15 manufactured from a second material having a second refractive index which is different
from the first refractive index. ' ' '

At the area of the fourth surface the angles of incidence of the imaging
beam, which angles are determined by the first and second lens elements, are considerably
reduced as compared with those of the beam incident on the first lens surface. Since the

20 transition of the second lens element having the second refractive index to the third lens
element having the first refractive index is present at the location of the pupil, which -
transiti_on has a correctmg effect for the longitudinal colour: error, this error is satisfactorily

corrected for all angles of incidence of the imaging beam. Such an effective correction is not
realised in the objective system in accordance with US Patent 5,251,073, in which the pupil
25 is not present at the location of, or very proximate to a correction element. The longitudinal
colour error is understood to mean that the position of the image pl'ahe is dependent on the
colour, or wavelength, of the beam or the beam components. :
' By making use of a thick second lens element having the second refractive
index, the transversal colour error of the first lens element having the first refractive index is
30 corrected. The-hansversél colour error is understood to mean the colour, or wavelength-
dependent magnification of the objective system. ,
The first and third lens elements may be separated from each other by a
narrow air gap. An embodimet of the objective system, which is preferred from a '
manufacturing-technical point of view and as regards stability, is, however, characterized in
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PCT/ 1 B95/ 00576 4 respectively, are materials having a good optical quality.
In this enapsboyesst the fourth and the fifth | ens surface arRCUDBNBAST6as
viewed fromthe object side. The object Pve system'is preferably further
characterized in that the fourth 5 |ens surface is aspherical. An

aspher ithat the Sourth; and thecfifth refractive sutface baveethe same gnrvatire wnd aze tementadnt al
shape its SR erical but whose real shape deviates to a slight extent so as
to-cor re8™™or the spherical aberrations of the fundanental shape of the

I ens. Since the asphesk ¢inade of acemefitidy Rfatiial Whobké feftaRE& ikdexqt in tHe
proximate to the pupil of the |lens system 10 it can satisfactorily

cor r ectrangg befween agvalue whichig sightlyclagger than thesmaligstiaf-said firshand seeontlour t h
‘ e - or L hi
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If the iabicesiti ve systemis further characterized in that at | east one of
the first and the second |lens surface is, a erical, this,systemi.s
Sati St otorily free KRB ARORESHdS PrejFrabhy TaTREr RRAIAFiSHoedin Sak fiekiics dhe i ve
surfacle__\co@‘air%gﬁgheri cal shape, an objective systemis obtained which has a

| ar ge er of the order of F/2.5 with sufficiently small spherical

aberrations. The invention also relates to an i nage pick-up device provided
with an 20 objective system and an opto-el ectronic i mage sensor for

conygrting i mges formed by the g, o K, < 0.60

ot

in which K, is the positive focal pbwer of the assembly of the second and the third lens
element and K., is the total focal power of the lens system. |
An inexpensive embodiment of the objective system having a satisfactory
15 quality is characterized in that the lens elements are entirely manufactured of a synthetic
Since all lens elements consist of a transparent synthetic material, the
objective system is inexpensive,.whil.e it still has the imaging quality desired for said
applications. Moreover; lens elements made of such synméﬁc materials can easily be
20 provided with aspherical surfaces by making use of aspherically profiled moulds for
manufacturing the lens elements. o
o It is to be noted that an objective system for use in a CCD camera and
consisting of synthetic material elements is known per se from the abstract of Japanese Patent
Application.4-107407. However, this system comprises only two lens elements, a negative
25 meniscus lens and a biconvex lgns, in which the meniscus lens does not have an aspheriéal
surface.” The abstract neither stafé# that the materials of the lens elements are different. The
quality of this objective system canriot match that of the objective system according to the
~ present invention, not only in the field but also on the axis. | | '
| | A preferred embbdiment 6f the objective system using synthetic material
30 elements is characterized in that the first and the third lens element are manufactured of
polymethyl methacrylate and the second lens element is manufactured of polycarbonate.
Practice has proved that these material; having a refractive index of 1.49 and 1.58,



obj ective systeminto an electronic image signal. This image pi ck-up device
is characterized in that the objective systemis a systemas descri bed

her ei nbeiyas 5/03kéo t hi's i mage pick-up device is further charpct/myseesici n that
the i mage sensor is a CCD sensor, thisddevice can be inplenmented in a
conpact and i nexpensive way. 25 Said synthetic materials,
abbr evfe?p@ﬁvelg, Efd\dhamdlsﬂﬁmd’gaalgo@d optical quamym:)er ature sensitivity than

gl ass o mnimze the effect, of this tenperature sensitivity and those of _
the hol der accormod#® Higembediment the fouethand she fift leapmurface argrsonvesi ahal

the i y be further characterized in that the sensor.is
provi ggig%ﬁﬁtf%“% &ﬁxﬁ%ﬁé’? acconpdating a lens holder in which the lens :
el ements of the obj E[héldbjbcﬁyskﬂtemriepmm@dfuﬂﬁer eledadteridedain thitethé Hourdm|
coefficient of expansion of said fitting is larger than that of the |ens

‘hol derlenyparface s @ -aspects of the invention will be apparent from and
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10 it can satisfactorily correct for all angles of incidence of the imaging beam. Since the fourth
surface also ensures the correction of the longitudinal colour error, this surface thus has a ‘
double correction function in the relevant lens system.

If the objecttve system is further charactenzed in that at least one of the
first and the second lens surface is asphencal this system is satlsfactonly free from

15 distortion.

By grvmg also the sixth refractlve surface an asphencal shape, an
objecuve system is obtained which has a large F number of the order of F/2.5 with
sufficiently small spherical aberratlons o

The mvenuon also relates to an 1mage pxck-up de\nce provrded with an

20 objective system and an opto-electromc image sensor for converting images formed by the
objective system into an electromc image srgnal This i image ptck-up devrce is characterized
in that the objective system is a system as described hereinbefore.

If this image pick-up device is further characterized in that the image
.sensor is a CCD sensor, this device can be 1mplemented ina compact and i inexpensive way.

25 Said synthetic matenals, abbreviated to PMMA and PC, have a greater
temperature sensitivity than glass To minimize the effect of this temperature sensitivity and
those of the holder accommodatmg the lens elements on the supplied i image srgnal the image
pick-up device may be further charactenzed in that the sensor is prov1ded with a fitting for

- accomodating a lens holder in which the lens elements of the objective system are secured

30 and in that the thermal coefficient of expansion of said fitting is larger than that of the lens

~ holder.

These and other aspects of the invention will be apﬁarent from and.



system 10 The objective systemshown in a cross-section’in Fig. 1
conprises a first lens elenent L[err], a second lens elenent L2 and a third
| ens el emrapbdokh3ses ]| . The scene to be inmaged is at the |eft-RERIBIVHST6 n
Fig. 1 and the inmage plane 10 is at the Pight-hand side. The 15 first |lens
el ement has the shape of a neniscus |ens havggfha slightly curved exit

surf ace ducidated withereferencentothe smbegdimentydesari ¢reinafifnrr| entering al ong

t he. opti cal axis 00 ?@ﬁ%{ﬂ&% '\gergent and that a peripheral beam portion
b[err] entering at a 8%‘ [arge angle [err] is deflected in such a

way that it will extefRig.nDsiowsrdriémbbdiinent 6Ethebjétve 3¥dtémadetor e
di vergent. The lens elenment L[err] has an entrance surface 3 wth such a

radi us omveali®fat ure that 20 it has a collimting effect so that all beam

portigns can be conbi g o lion bl i hdfifaribn it MvPaR B hErgicATe! o1

and a“snal |l er radius of-curvature than the entrance surtac Ur'f ace
por t i onscurveof ithis systemes of the exit surface 4 of the lens elenent L2 may

be plane. The exit surface 4 itself has a diverging effect which is-

over conpensat ed by th&‘&-tﬁem"fsei?és ﬂs%ww%h@éﬁhaﬁértions b[err]

~and b[err] are focuseg;at | i AN : A L Al l
beam portions inci den?lﬁn%é%sﬁg g‘g%"?’a‘?agﬁ?Sﬂ%%‘@nb‘}ﬂ‘g?qg%t%m%g’%ég%nd
[err] arsystemnused at points |ocated between the points a and b. The

peri pheral beam portion incident above the optical axis at an angle -a is

focusfld at a point ¢ in the inmage plane which is symetrical with respect

to the point b. The beam portions which are incident above the optical axis

at ~angles between 0 and -[err] are focused at points between said point c
and 30 point a. The fTherobjective systemshown an axnossrsectioncin Fig:. flacompfrisesd finst

or of or ablege elemst Lo 3 35fond iens lemeth L5 291 hisdes SeBent Lo-rEiRotERe T B se
o e CocuEg T PO SR 0 RV (898 10 e s b e T
" syst dfn  figst denscelerpentthas itheashapé of al menisous lenschavingea slightlyt turved exit sunfade. 2.For
the SakeThis element ensures that a beam portion b; entering along the optical axis 00’ becomes
divergent and that a peripheral beam portion b, entering at a relatively large angle ais:
deflected in such a way that it will extend more parallel to the optical axis and becomes
divergent. The lens element L, has an entrance surface 3 with such a radius of curvature that
20 it has a collimating effect so that all beam portions can be combined on the exit surface 4
which has a smaller diameter and a smaller radius of curvature than the entrance surface 3.
The surface pdrtions 5 at both sides of the exit surface 4 of the lens element L, may be
plane. The exit Surface 4 itself has a diverging effect which. is overcompensated by the third
lens element so that the beam portions b, and b, are focused at the points a and b of the
25 image plane 10. All beam portions incident under the optical axis 00’ at angles between 0°
" and «° are focused at points located between the points a and b. The peripheral beam portion
incident above the optical axis at an angle -« is focused at a point ¢ in the image plane which
is symmetrical with respect to t.he point b. The beam portions which are incident above the
optical axis at angles between 0° and -a° are focused at points between said point ¢ and
30 point a. The third lens element has an entrance surface 6 and an opposite curved exit surface
7. The surface 4 of element L, is preferably cemented against surface 6 of element L,.
However, these surfaces may also be separated by a narrow air gap.
In Fig. 1, the references H, and H, denote the main planes of the

objective system, F, denotes the image focal point and p denotes the exit pupil. For the sake
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PCT/ 1 B95/ 00576 6 of conpl eteness, a glass plate 11 is al so shown which may
be | ocat eggigginidgd@nt Of a sensor and which should be taken ipgirApsaf@snt in
designing the objective system The refgactive indices of the |ens el ement
materials, the curvatures of these elenents and the di stances between these

surfac raaghgg taPsoPéh IocQ@#j al
pomrsqﬁ?ﬁg{r@lﬂiﬁﬂl n V\h?gﬁsﬁzlsl S thgwgg‘gtlﬁtcﬁﬁayg%é wer o ql?ﬁié&gggg%{rs&

el enentand [whieH s be éarl@ntmtp[a@qut in dasigpiog ithe pbjective symm otal power of t he

Cow a5 posst bl o nerRoribglys s By s 1eB sERel mltriaR e piskuresior™™
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are manufactured of the sanme transparent synthetic matérial, preferably

pol ynredthioldsiéarithe focahpewersmbali having a refractive index n[err] = 1. 49

while the 15 second lens elenent is manufactured of a different synthetic
material having a different refractive index, for exanple polycarbonate

(PO having a refractive index n2 = 1. 5@.- Wth this choice of synthetic
materials, the surfaces 4 and 6 2@ sonMexs ‘60is shown in Fig. 1. Wth a
different choice of synthetic materi al Kmthese surfaces may becone concave.

| nstead of PMVA, another simlar polymer nmay be used and instead of PC, for
exanpl e styrene or the 20 material CA-39. The second |lens elenment is a
thick element, i.e. its length 1 is considerably |arger than the dianmeter m .

of i t s irf whigh Keris theupasitive mweniof the asssmblyeofoelemont, Lf and clement b, RAEd tKyg is
21?{{9)' gﬂsal col Ourg?h %Jec% ts%te&egat ive front el ement L[err] of, for ‘
To be able to keep the pnce of the objectwe system as low as possible, '
the lens elements are preferably manufactured of a synthetlc material. The first and the third
lens element L, and L, are manufactured of the same transparent synthetic material,
preferably polymethyl methacrylate (PMMA) havirlg a refractive index n, = 1..4_9, while the
15 second lens element is manufactured of a di_fferent synihetie.mateﬁal having a different
refractive index, for example pquc_arbonate _(PC) having a refractive index n, = 1.58. With
this choice of synthetie maferials_, the surfaces 4 and 6 are cenvex, as is shoWn in Fig. 1.
Wit_h a different choice of synthetic :mat_eria.ls,_ these surfaces may become concave. Instead of
PMMA, another similar poiymer_ may be used and instead of PC, for example styrene or the
20 material CA-39. The second lens element is a thick element, i.e. its length 1 is considerably
- larger than the diameter m of its first lens surface 3. With this element of, for example PC
‘the transversal colour error of the xregative front element L, of, for exainple PMMA can be
corrected. Moreover, ihe longitudinal colour error is corrected.et the transition between the
refractive surface 4 of the lens element L, and the refractive surface 6 of the lens element L,
25 hence at an mtemal refractive surface ' |
) This mternal refractive surface is present in or proxlmate to the pupil of
the objective system, hence at a posmon where the axes of the dxfferent beam portions extend
at small angles to the optical axis 00’ of the system, so that this correction for these beam
portions is equally satisfactory. o _
30 The surface 4 is preferably asphencal so that at the locanon of the pupxl it
 is also possible to correct for the_asphencal_ aberration, which correction is again
substantially identical for all beam portions. The surface 4 then has a dual correcting effect.



corrected. Mreover, the longitudinal colour error is corrected at the
transition between the refractive surface 4 of the lens elenent L[err] and
the refradWD9e/03669 f ace 6 of the lens element L[err], 25 hen®ETABIHNS76
internal refractive surface. This internal refractive surface is present in
or proximate to the pupil of the objective system hence at a position
wher e t A aspherical surfacegmay be charageHAeh byt i ons extend at smal|l angles to the
opti cal axis 00" of the system so that this correction for these beam
portions is equally satisfactory. 30 The surface 4 is
preferably aspherical so that at the_wgsayi opaof the pupil it is also
possible to correct for the aspherical “sabe¥rati on, which correctionis
again substantially identical for all beam portions. The surface 4 then has
a dual correcting effect. WO 96/ 03669 ' ' :
PCT/ 5B 81 9biheY is the distahcs betweens apoint onrthe akphericalr surface iand dhdgptical akisofi n

-which Y_.is the dis ce.between .a point on .the aspherical, surface and th
opt 1 cal Medens Semenl, % B w8 R teritathe peoigeon S i crtiek 8 oF s apite andn
on the gl pdiad ofihtetsetioh BF thedSptital 2aE willethe Uspherith] kﬁi‘f&&%ﬁnﬂ%oﬁﬁpﬁmt he

optical axis wth the aspherical surface and Alerr] are the aspheri cal

coef f i casphesicalppefficiems; t he surface 2 or surface 1 an aspherical shape, the

di stortion of 10 th‘éB obj ectgh\ée stgm can. be. mai nt.ai ned sufficientl
small. By giving als % BRI F S8 O SUNfek | @gas Ushape, thedlisto “°f_
aberoat igghokéctivesyste @i KemaRitAfed Suffitich@y smaf ! B?}ﬁﬂng ms*ohﬁ{e shfffice>Y 2heM | S
sufficiently free fromspherical aberration, also”for The relatively Targe
F . aspherical shape, the spherical aberration of the system can even be better corrected so that

the system is sufficiently free from spherical aberration, also for the relatively large F

number: F, ;.

For an embodiment of the objective system in accordance with Fig. 1,

15 having three aspherical surfaces in which the lens elements L, and L, are made of PMMA
and the lens element L, is made of PC, the following values, computed from the object side,
apply for the axial surface curvatures C;, the axial distances d between these surfaces and the
refractive indices n: '

20 - : " ¢ (mm) * d(mm) n
1 ~0.03078 |
L, | s 1.49
2 | 10.33483
- S 5346 1
25 3 ~ 0.17400
L, | 10.055 1.58
| 416 . 0.49336 |

L 32118 1.49



nunber: F[err]. For an enbodi ment of the objective systemin accordance -
with Fig. 1, 15 having three aspherical surfaces in which the | ens

el ement s vkpogdsernd L[ err] are nade of PMVA and the | ens epervesvsobi»rr] is
made of PC, the follow ng values, compBed fromthe object side, apply for
the axial surface curvatures (Clerr], the axial distances d between these

surfaces and the refyactive indicge 20 ' '

c (m’r{err]) .)(’j(rm) _ (6&1%71 0.03078 L[err]
1.49 2 0. 33483 5. 346 1 25

3 0.17400 L[err] '

10. 055while the aspheﬁ&l Lbéfficients Ay of thé) SurEatas 2L Heand]7 are equal to:

3.2118 [ H366

PCT/ 1 BY5/ 00576 d2r= O 167448107 -0. 46157 whil e the aspherical coefficients
Al egr] of the s%facmlugglgnd 7 are equal to: 1. . .  Aerr] =

0. 167446 10 5 Alerr] : 0 410699 10[err] Alerr] =

- 0. 361459. 10[ er tA¢ = -0.361459.10°
Ag = 0.332931.10*
0 = -0.942326.10°

10 4. - A, = 0.246681.10°
| A, = 0.163018.10°

A, = -0283456.10"

Ay = 0.332336.10"

15 7. A, = -0.230787.10° - -
N A, = -0.904503.10? '
As = 0.433596.10?
A, = -0.444410.10?
Ay, = -0.841075.10° ,

20 If a glass plate 11 having a thickness of 0.19 mm and a refractive index
of 1.51 is arranged between the lens surface 7 and the image plane 10, the image field is
located at a distance of 5.3132 mm from this lens surface. |

This objective system has a focal length of 3 mm, an image diagonal of
4.02 mm, an F number Fﬁ,,, a field of view of 2 x 38° and a resolving power of more than

25 50% for a structure of 40 lines/mm. The system is satisfactorily corrected for colour in a
wavelength band between 500 and 900 nm.

il Fig. 2 shows diagrammatically an embodiment of an image pick-up device
aécording to the invention which comprises the above-described objective system and an
image sensor 30, preferably in the form of a CCD sensor as its basic elements.

30 ’ The objective system has a total power of K,,, = 0.333 mm™, the power
of the lens element L, K. being 0.16 mm™ and the poWer of the assembly of the lens
elements L,, L;: K, being 0. 13 mm.

Fig. 2a shows the modulation transfer function (MTF) of this embodiment



Al e’rr]": 0.332931. 10[err] Alerr] = -0.942326.10[err] 10 4. Alerr]
= 0.246681. 10[err] Alerr] = 0.163018.10 Alerr] =-0283456.10[err] Alerr] =

0. 332336. MpesniscdS 7. Alerr] = -0.230787.10 Al err pCT/IB95/00576
-0.904503. 10[err] Alerr] = 0.433596.10[e9r] Alerr] = -0.444410.10[err]
Alerr] = -0.841075.10[err] 20 If a glass plate 11 having a

t hi cknef the olfjectivensystentiasia ferictiantaf\the spatiak frefuehch SP @xpressadndines pae aiiny he
| ens surf 7 d, t he . | ane 10, the ijmge field is |ocated at a

di st ancé"lgﬁe%‘.gé@fh% f‘l}m&sa function of the distange ASolg) the optical axis fohahas a
focal | it j : . r

el of oy Legueny0f B3 1O ber i 0 Abocdts thalthe'Tiigiim 1 BB syl g naf
st ruct uitke MTE G 30% dor mspatidi drequenaynofi 40 kines pdranmori |y corrected for col our

in aavavel engt h band Jhet ween 500 and, 900 n Fig. 2 shows diagrammatically
an erfbodi nent of an i%&p cﬁ’eﬁpﬂ‘@ﬁ @QSSQBE“E?{S acepmmedatad émaicommen ch
conpri saeldbheogﬁ)mseshd%qhimgg&obj ective system and an i mage sensor 30,
preferably in the formof a CCD sensor as its basic el enents. 30

The obj ective syst emThessyathetic anategiale preferakfycusell for the3lefis elements]L,, Lhangower
f th .bei 0.16 th X f the

O . 15w 3B R ol T s M o e

2a showss telifperabste.depertient. @otfsbauently! te' shticalMiénavidhr bf tife S8JRAVe &em might

10 change when the ambient temperature varies so that the scene would be imaged out of focus

on the image sensor. To prevent this, a material having such a thermal coefficient of
expansion may be chosen for the lens holder 20 that the equivalent coefficient of expansion
of the objective system causing the change of optical behaviour of this system as a function
of the temperature and being determined by:

15 - the coefficients of expansion of the materials of the lens elements,

- the refractive indices of these r‘naterials and their variations with temperature, |

" and .

- _ .the dimensions of the lens elements .
is equal to the coefficient of expansion of the holder material which is present between the

20 ﬁxation_s 21, 22 on the holder of the two outer elements of the objective system.

_ This provides a compensation for temperature variations in the objective
system itself. For the principle and further elaboration of this temperature compensation,
reference is made to US Patent 4,855,987 in which a temperature-compensated radiation
source unit and an optical scanning unit are described.

25 Fig. 4 shows diagrammatically an embodiment of an image pick-up device
according to the invention, which comprises the above-described objective system and an
image sensor 30, preferably in the form of a CCD sensor as its basic eleménts. This sensor
is arranged on a holder 31. To be able to correct for temperature variations, a bush 32 'may
be secured to the holder 31 as an alternative to the compensation described with reference to

30 Fig. 3. This bush is connected at the points 33 to an inner bush 34 within which the lens
system L,, L,, L; is arranged. The thermal coefficient of expansion a, of the bush 32 is
larger than that, a,, of the bush 33. If the length of the bush 32 is 1, and that of the bush 34
is 1, an offset AZ of the objective system with respect to the sensor 30 will occur at a |
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9 of the objective systemas a function of the spatial frequency SP
(express%&&?nes per mm while Fig. 2b shows the MIF aspey/ifgesioésien of

t he di st R8% 5 the optical axis fofga spatial frequency of 12.5 |ines
per mm |t appears that the astigmatismis only snmall and that the MIF is

50% fo aha . In
pract|%@ﬂnﬁﬁgksepaééfgyﬁgﬁﬁﬂg%enes#lpgﬁgﬁgbbonnodated in a cormon hol der ..
20, as is shown in Fig. 3. The Am&h@iad,c ly)ATi al s preferably used for the

e RS et Bl P Bl B B i SBEERE Y 1

tenper&km&&rgﬁpéggﬁ qﬁﬁﬁﬁ /@At !y, the optical behaviour of the objective
systemm g hange en t e anbi ent tenperature varies so that the
scene woul d be i maged out of focus on the image sensor. To prevent this, a
mat eri al having such a thernmal coefficient of expansion nmay be chosen for
the | ens holder 20 that the equival ent coefficient of expansion of the

“obj ective system causing the change of optical- behaviour of-this system as
a function of the tenperature and being determ ned by: 15 t he
coefficients of expansion of the materials of the |lens elenents, the
refractive indices of these materials and their variations with
tenperature, and the dinmensions of the lens elenents is equal to the
coefficient of expansion of the holder material which is present between
the 20 fixations 21, 22 on the holder of the two outer elenents of the

obj ective system ‘



Thi's provides a conpensation for tenperature variations in the objective
systemitself. For the principle and further elaboration of this

t enper at UMD WAIp@nsat i on, reference is made to US Patent 4, BCHIEISBOS76 whi ch
a tenperature-conpensated radiati on soutke unit and an optical scanning
unit are described. 25 Fig. 4 shows diagrammatically an
enbodi n€limgf an i nage pick-up device accordi'ng to the invention, which
~conprises the above-descri bed objective system and an i mage sensor 30,
preferably in the formof a CCD sensor as its basic elenents. This sensor
is arranged on a holder 31. To be able to correct for tenperature
variations, a bush 32 may be secured to the holder 31 as an alternative to
t he conpensation described with reference to 30 Fig. 3. This bush is
connected at the points 33 to an inner bush 34 within which the | ens system
Ll[err], L[err], L[err] is arranged. The thernal coefficient of expansion
[err] t he bush 32 %#ég%

| engt hOfof t he bush SthsosHJ&{tgrer tgl?i‘(rjha?'h ta(l)ifrgét E’lg‘g& Is 1 §r¥ﬁ fset
[ err] Z ipfagingsa stgnedn andmage plane;/\whichrsgsqann tviewed: fromsthe vbject exdw uccessively at
a WO 96/ 03669

PCT/ | BFSRRI¥SE 10 tenperature variation of AT, which offset is given by
Lerr]Z = (1[err]a tehd dibfiehd Havif & M dla CRBnd BoAVE reflEiWY itfioe O 1
focal p0| nt of the objective systemoccurring as a resu of the

t enp®r at ure vari atsecondAgns element havmg a third, convex refractive surface and a fourth -

refractive surface,
- a third lens element having a fifth refractive surface and a sixth refractive
surface,
characterized in that the sixth refractive surface is concave, in that the pupil of the lens

10 system is present at the area of, or very pmxfimate to the fourth refractive surface, and in
that the first and the third lens element are manufactured from the same first material having
a first refractive index, and the second lens element is manufactured from a second material
having a second refractive index which is different from the first refractive index.

2, : An objective system as claimed in Claim 1, characterized in that the
15 fourth and the fifth refractive surface have the same curvature and are cemented together.
3. An objective system as claimed in Claim 2, characterized in that it

satisfies the conditions

020 = X o 0.60
K,
20 |
in which K, is the positive focal power of the assembly of the second and the third lens
element and K, is the total focal power of the lens system.

4, An objective system as claimed in Claim 1, 2 or 3, characterized in that
the lens elements are entirely manufactured of a synthetic material. _
25 S An objective system as claimed in Claim 4, characterized in that the first

and the third lens element are manufactured of polymethyl methacrylate and the second lens

i
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PCT/ 1 B95/ 00576 11 Clains: 1. - An obj ective system having a

| ar ge an%ggmﬁ@@rture for denagnified imaging a scene in poTABYB@OsTE ane,
whi ch system viewed fromthe object siple, successively conprises: -

a first lens elenment having a first and a second convex refractive surface,
5 - 6. a seqg G?Jb&we SSRAPH clivéd'® Clalhi1’ 9, ke f :ie&‘in
surface and a fourth refractive surface, - third Tens enment
havi ngttntthdfohrthdénwfmmasphen@land a sixth refractlve sur f ace,

characteri zed ntht the sixth refractiv fa conc nt the
- pupi | df !trz1e Ilans 1 9‘3)9?%‘%?1)(% §t°B}§ss€lﬁ'c“|'e§f 4:}1{@‘ ?&hﬁ?cmﬂf'e‘iig’rg{ F'o ?
to theohOuf tHa firkf A theVBcord feR§ Surfateds iaSpHelieal. t he first and the th| rd Iens

el enent are manufactured fromthe sane first material having a first

ref SacBi ve index, auh objectivecsysiem anclaimeshinrClaim 7ywharagterizecbin that theasixtbcond
mat er i iil havi ng. a @ac%&d refractlve index which is different fromthe first
ref ract™y & An obj ective systemas clained in Caim

1, chagacterized in Ahabjedtive systefoay éllintedlint dngy 6nef6t‘rcnaﬁﬁ§ 248, iprévided im%

have the sane curvature and are cenented together.

obj ect heldessfortaccommodatingnthe lens alements, chametarized dn ﬂmaher lens halder is sat i sf i es

s con RpnbCRfed LA tafetiah eyl S » bdrinal SodeBRefe St bpkfsion e o el '

foqgl Wéwﬂtf oﬁéi?abﬁéﬁoﬁﬂfetlem system causin, gac change o‘ﬁrbpﬁbﬂetfdhhviﬁuﬁ o6 Wﬂe@ﬁ
claimed in daim or 3, characterize
system as a function of the temperature and being determmed by: ' ‘

- the coefficients of expansion of the materials of the lens elements,
- the refractive indices of these materials and their variations with temperature,

and

5 - . * the dimensions of the lens e‘ler‘n_ents is equal to the coefficient of expansion of
the holder material which is present between the fixations on the holder of the two outer lens
elements. | o
10. ~ An image pick-up device provided with an objective system and an opto-

electronic image sensor for converting images of a scene formed by the objective system into

20 an electronic image signal, characterized in that the objective system is a system as claimed
. in any one of Claims 1-9. . :

11. An image plck-up device as claimed in Claim 10, characterized in that the

image sensor is a CCD sensor.

12. | ' An image pick-up device as claimed in Claim 10, where not appendant to
25 Claim 9, characterized in that the sensor is provided with a fitting for accommodating a lens

holder in which the lens elements of the objective system are secured and in that the thermal

coefficient of expansion of said fitting is larger than that of the lens holder. |

* € L M S *



t he I'e"ns‘ el ements are entirely manufactured of a synthetic material. 25 5.
An objective systemas clainmed in Caim4, characterized in that the first
and the twomdosens el ement are manufactured of pol ynet hyl RETABYYOISHt e and

the second |l ens el enent is manuf actur ed of pol ycarbonate. WO 96/ 03669
PCT/ 1 B95/ 00576 12 6. ow tive systemas clainmed in daim
1, 2, 3, 4 or 5, characterized in that fourth I ens surface is
aspherical . 7. An objective systemas clainmed in Caim6®6,
characterized in that at |east one of the first and the second | ens surface
is aspherical. 5 8. An obj ective systemas clai rred in daim
7, characterized in that the sixth I ens surface i s aspherical.

An obj ective system as ~d i n,any one Cainms 13, provided with a
hol der for acconmodati fig t he |l ens [€l emsnts characteri zed in { a? the | ens

hol der i s manufactured|of afatéfi naving such a {hermal coefificient of
expansi on t hat bBe equj valgnt F_‘Ol ' (bqufl cient of exphnsion of jtihg bens

system causi ng _aZchang ‘_Q_p =Y 6 0 ==
function of[]~t— 3 ﬁki. det-erAined ’__,Em

coef fici ent sTof “Bxpans o ot —Jt-he LAt o+ ial o—nf s tne be BN S
therefractlvelndlc?s heg - m ari at i'ths tlﬁz
tenperature, and 15 R NBP! ens eI ts is
equal to the coef fj-ef ﬁ ansy on of /the holde¢r (matefi al |i‘his
pr esent betweeB]the B tye hoIlCZer of 4t g tgwo quteqi¥ens |
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el ements. 10. An i mage pi ck-up device provided with an

obj ective system and an opto- electronic inmage sensor for converting inmages
.of a scene fornmed by the objective systeminto 20 an electronic inmge
signal, cha®8603669 zed in that the objective systemis a sysrPeMBss/00$7ai ned

in any one of Clains 1-9. 11. An i mage pick-up device as
claimed in Caim110, characterized in ZHEZ the i mage sensor is a CCD
sensor. 12. An i mage pick-up device as clainmed in C aim 10,

where not appendant to 25 Caim9, characterized in that the sensor is
provided with a fitting fQr accgﬂgndating a lens holder in which the |ens
el enents of the objectivg syste re secured and in at the thermal
coefficient of expansi, ' ' '  hat of the |ens
hol der . ‘
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