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Abstract 

A rePQrt was glven for lenses HS88/23.HS152/23 and HS210/23 of HS2323 aerial camera of Jiangnan Optlcal Instrument 
Factory (JOIF) in NanJing Ch/ha. with Which the photosize is 23x23cm2 • The image quality such as resolution power. 
distort Ion etc. are presented . The features of meChan I ca' dis i gn are a I so descr i bed. 
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1. Introduetion 

The progress of aerial camera of JOtP may be dlvldOO 
in two periods In re cent 20 years. In the first per
iod. JO I F' deve loped suceessfu I I y U Efl-17 'aer I a I 
camera wlth Photoslze 18X18cm2 before 1980. I It has 
two lenses,thelr fundamental optleal parameters are: 
focal length 70mm and 10Omm. fleld angle 122°and 900 

respectively. the relative aperture Is 5.6.the spec
tral rang from 500nm to 70Onm.radlal dlstortion less 
than O.025mm. cent ra I photo-resolution power is 
6Opl/mm. It Is preferably used for sma!' or medium 
scale photograph. In vlew of various appl ications of 
aerial photogrammetry in china. togather with regard 
to preclsion and economical condition. JOIF has 100 
to develop the HS2323 aerIal camera slnce 1980. thus 
we cal I the second period as above. At that time. We 
adoptlOO the international standard format In our 
des I gn and suceeded in 1985 two I enses HS88/23 and 
HS152/23 ( HS210/23. HS305/23 lenses are stil I In 
develped ), Whlch wi I I be described as foliows. 

To obtain a new high performance lens. it depends on 
many f actors. The des i gn of opt I ca I systems by mord
ern computer i s In common usOO • but i t can not work 
weil automaticallY. A goOd optical designer does not 
onlY wrlte out a optimum program algorlthms,but also 
has a riCh experlence to Judge his solution whether 
or not meets the need of his users. bes i des he ·lllJst 
cons i der thorough I y the chosen glasses to be favora
ble and no special manufacturlng difficulty existed. 
After the optlcal system design has been finished. 
it Is Importance to have a regard to Jens mechanfcal 
des i gn . A suceessfu I mechan i ca I des i gn must be guar
anteed w i th the centre a I I gnment accuracy of the 
optlcal system, with the space distances constant 
be tween I ens components. and the cons truct i on must be 
steadY for I mer or I entat ion. moreover. the mechan I c
al parts must be convenient to manufature and entire 
system must be easy to asserrol ein mass prodct I on. 
In fact. camera lens is a special fjne art, each 
prOdct ion step shou I d be put In str i ct qua I i ty con
trol. 

2. The opt I ca I fundaments of the HS2323 aer I a I ca me ra 
lenses 

The qua I Ity of the I enses of the camera system i s of 
primary importance In the Image qual ity. al lienses 
possess of: 
1) Negl igible smal I distortlon 
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2) High reso I utl on over the who I e pi cture 
3) Low I ight fall-off In the corners of the Image 

relative to the centre 
4) Optimal chromatie correctlon for the visible and 

infrared regions of the spectrum. 
5) High ~e lat! ve aperture 

HS88/23. HS152/23, HS210/23 and HS305/23 I enses op
tical characteristics are given in table 1. 

HS88/23 lens consists of 11 lenses formlng 6 compon
ents (Fig.1), It is ful Iy color oorrected between 
400nm to 900nn. and can therefore be used in combln
ing wlth the proper fi Iters for panchromatlc. Infrar
ed • co I or and fa I se-co I or photographY. The max I mllTl 
photo-resolution power is 66pI/mm on ~~-I I fi Im ( 
of whleh the resolution power Is 9OpI/mm ) and the 
mlnnum Js not less than 18pl/mm. The average radial 
distortion referred to calibrated focal length Is 
less than 10 microns. The light fall-off fol lows cl
osely a curve of eosine a3 .where a Is the hald-fie
Id angle, and Is properly corrected by the antlvig
netting coating on the fj Iters. 

HS 152/23 I ens cons i sts of 9 I enses I n 5 conponents ( 
F i g. 2) . Jus t I I ke HS88/23. the chromat I c correctl on In 
the spectral range from 400nm to 900nm. The maximum 
pl'loto-reso I ut i on power I s 70p I /mm wh i I e ml ni mum i s 
not less than 25pl/mm on lJt.fl-i I fi Im. The average 
radial distortion Is less than 8 mlcrons. The light 
fall-off also fc6llfMS cosa3 of the half fjeld angle 
a .and Is corrected by antivignetting coatlng on the 
filters. 

HS210/23 and HS305/23 lenses are In developlng, they 
conslst of 12 lenses respectivelY ( Fig.3.4 ). thelr 
relative apertur is 4. The chromatie correction In 
the speclra I range a I so from 400nn to OO(J)m. The ma
ximum photo-reSOlution power Is 7OpI/mm and the min
imum is not less than 35pl/mm on Mit-li film. the 
average radial distortion is no more than 5 rniarons. 

3. the features of I ens mechanlcal design 

the requ i rements f or the I ens meChan I ca I des i gn are: 

1) I t Shau I d gurantee the needS of opt I ca I system 
espec ja I ty the centre a 11 gnment accuracy of the 
opt/cal system. and the spaces between the optlcal 
corrponents. 



2) I t shou I d be easy to assemb I e and adjust tre 
ent i re I ens system, i nc ludi ng lens ca I ibrati on in 
er der to ensure mass produet I on of these I enses 
econom i ca I I y . 
3) The meman I ca I structure must be stab I e f er 
rema in i ng the I mer or I entat Ion unchanged in any 
working COnditlon. 

there are many kinds of I ens mechan i ca I des I gn. our 
design ls a mixed patern ( FIG.5 ),the main features 
of this pattern are: 

Using a auxl liary meta! mount to hold a single 
I ens colIPonent er a ce I I to ho I d I ens groLPS w I th 
cement. turnlng the outerside of the mount or bor'
lng the imerside of the call as weil as the end 
surface In relation to the optlcal axls. 
Us I ng a compensat Ion dev I ce to corrpensa te the un
des I red space between the I enS-fOOl11t and I ens
cel I in diameter. 
The two lens-cel I halves are flxed together by a 
cemmon barre I w I th the cempensat ion dev I ces com
pensat I ng the undesi red spaee in diameter. 
The mater i a I of the mount, ce I I , barre I and 
assoc I ated meef)8n i ca I parts are spec ja I a I loy 
Including nickel steel and other rr~tals wlth a 
eoefficlent of linear expenslon as close to that 
of the giass in contact. 

Because of using the compensatlon devices. it is easy 
to centre the I ens components and t ens groLPs to a 
eommon optical axis aeeurately. the centric accuracy 
ean be achieve about 3 rnlerons. 

4. Summary 

Fig5. 6:7.8.and 9. ShOW the results of measurent In 
photo-resolution power and radial dlstortlon of the 
HS88/23 and HS152/23 I enses. the measurmrnts were 
earr i ed out on the opt I ca I beneh deve I oped by JO I F. 
The Photo-reso i ut i on power was deterrn I ned accord I ng 
to the I SP recommended procedJres w I th three-II ne 
test grouPs, whleh is high contrast (log k=2.0). The 
test emulsion used Is iJ\fl-11 film. Its resolution 
power Is 9(X> I/mm. We al so tested the photo-resolution 
power of HS152/23 under i nf light cond I t ions to Pho
tOgraphY the terra in targets fram an alt i tLde 3344 
meters, p I an speed i s 430<m/h. exposuret i rne I s 1/200 
second. the AWAH i s not I ess then 250 I /Iffil. D i stert I on 
was measured on the hür i zonta I gon i ometer. the aver
age standard error is ±2 rnlcrons. The callbratian 
records show an extreme I y good cons I stency from ons 
cal i brat ion to another callbratJon. even after four 
years. OUr method of mount I ng the I ens components 
and I ens groups f er these types I s exceedd I ng I y sa
tlsfactory. the image qual ity of these lenses meets 
the need of lJSers in eh I na. 
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Table 1 the optical charaeterlstics of lenses of HS2323 

I 

lens focal length f i eid ang I e I relative apertlK'e spectrurn photosize 
I 

HS88/23 88rml 122 0 I 5.6 4oorro-900rrn 23x23crn 
HS152/23 152mm 90° I 5.6 400rm-900rrn 23x23cm 
11S210/23 210mm 70° I 4 400m-900rrn 23x23nm 
HS305/23 305mm 54 0 I 4 4oorrn-9oorrn 23x23nm 

~
i~ 

~ '" . .' ~ 
~ ,\' 

'\ 

I, I • 

Fig.1 HS88/23 lens Fig.2 HS152/23 lens 
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Fig.3 HS210/23 lens 

F I g. 4 HS305/23 

F i g, 5 lens mechani ca I stnJctlre 
wlth copensation devices 
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Fig,6 resolution power of HS88/23 
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Fig.7 resoltion power of HS152/23 
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Fig.8 The average radial distortion 
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Fig.9 The average eadlal dlsortlon 
of HS152/23 
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