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Design Support System for Lens Case Units of Cameras

— Mainly Focused on Tolerancing of Mechanical Systems —
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We have proposed a knowledge representation language KOSA for tolerance analysis, and
presented its programming techniques. This paper describes a design support system for lens
case units of cameras based on the research results. The system has the following features:
(1) We propose the methodology of the design support for each design process based on its
characteristics; basic design searching for design plans, detail design editing details, and tol-
erance analysis evaluating the variations of characteristics of a design. The supporting tools
of the system are provided based on the methodology. (2) The design object model centrally
describes information about design plans used in these design processes, and the supporting
tools are arranged around it. Thus, designers need not pay any attentions to data manage-
ments. (3) Knowledge representation languages are provided for each domain to describe
domain knowledge used by the tools. Design experts are able to develop and maintain the
knowledge bases using the languages by themselves. The system has been applied to the
design of lens case units of compact cameras. The experimental results are also shown.
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Fig.3 Design flow of lens case unit.
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Table 1 Examples of functional elements used in lens case unit design.
BEXolE | BRXs R # BRI EBRL OB
FEBR Lo Xm | RREHEGR, sEEE A% | Bs5(a) PL ¥ XR#Spl, Sp2
L ERESMR, HE & ®5(a) DL~ XOMETHE S1
r EREBREE, EE B8 B5(b) L » kDA H1, H2
R RRERR, ME, S [ 5 (b) H5} il Pl
FEMRZAR Aty | EREHEGR, FE B5 (a) DL~ XOREMETH 5 ALA1HT Round
F—=n ERAEBHR, HE B # 5 (b) DA H2 24 & h /e 7— /% Taper
A, S1A 3aXE | RRERER, EE &S B 5 (b) » 3 LiX & (Tps)
® FEBICERL, FOPrO5MTEBbL2ERE AR
e Ol e =a I O) LCHAT 5. #aBEtZEy - 1@, Lo XHht
2 A= ERSOREREHCEAT S, BEFER, Cov—
F A = \ = s .
§$~—- ; —i(2) MR — v [ Q PRAVWTRIROMECHAL KL RET S, T,
x |7 o 260 5 RAHCBERTEOBY, THEM, 220K
L@ aemrzmy—n ] | FTMNTA KICOHEAT . RERZBRY 1O 12, BEXR
L i, FMBF TRESNREHROEFVIINTS

B4 JRFLAORE
Fig.4 System overview.
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Fig.5 Assembly of lens and lens case.
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Fig.7 Relationships between characteristics of lens case.
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Fig.9 Assembly structure of lens case.
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defclass: lens,
super: object,
attributes:
dim1:real :={2.6,-0.05,0.05},

sub_parts:
spl: sphere,
SY2: sphere,
8l: shaft
rl: roun&,

constraints:
transfer3z(spl,sp2,!dim1),
transfer3z(spl,sl,!dim2),
round(sp2,s1,rl).

(a) L¥X

defclass: case,
super: object,
attributes:
coax:real :=0.05,
para:real :=0.01,
dim3:real :={2.1,-0.05,0.05},
sub_parts:
82: shaft,
hl: hole,
h2: hole,
pll: plane,
tps: three_point,
tps2: three_point,
constraints:,
coaxiality(s2,h1,!coax),
transfer3z(s2,h2,!dim3),
transfer3z(s2,pl1,!dim4),
transfer3z(pl,tps,!dim5),
parallelism(tps,tps2,!dim6,!para).

(b) L XH

defclass: lenscase,
super:part,
sub_parts:
lens: lens,
case: case,
constraints: A
shaft_hole_pair(lens!sl,casethl),

sphere_tps_pair(lens!sp2,case!tps2).
(c) L> XV XHDHLE

10 MEKRBEHKOSA L 5 MU MEN KB
Fig.10 Representation of assembly structure in KOSA.

7V bEEEL (O~Q), KRiZ, add_sub_part
TRHVWTEARTHRLRET 2 (@~-@). &b,
Hh part of DFEECIE, MHEDN-HER L. KRIC,
11(2) KRT LI LY MO AFTRELIT
9. IRt make_round PEIC X ) AT IREEE
R1 %4 L, S1 & Sp2 ik s¢CRBTFITLW
(€2). B11(3) Ti, L Xk Ly XHhDFTEDB
WK T AH. THiZiX, make_transfer3z % Fv:, #
7V FRICERERRES AT (B~@).
351, MVBRROMEEITS. Z2Tik, BP @A)
AT EIZ, Ly XOWESL »6HDARMHL IS L
Tid®H AV BIFR make_shaft_hole_pair # (&), L~
ANV X Sp2 S #D 3 SHRE Tps 23 LT 3
H X F#MFPR make_sphere_tps_pair # (89), #h¥h
BaTwa, R, Eo () IRTLIK, £60
EETFNOBERIT). T I Tid, make_parallelism
THWTRITEPIL & 3 S8R5 Tps OMICFITHE
% (8)), make_coaxiality % V> TH:OMER S1 & =
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Table 3 Examples of basic operations.
BeOWH #1EHR ® &
3 make_instance(O,Class, Class CRTAMVF 722 O % ERK
attributes(aj(v1),", an(va))) | T%. SOk E, BRifa, OWREE v,
%KD i
2485 add.sub_part(01,02) O; D|AIZ0, 2 HAANRD.
RE:3 make_transfer3z(0O1,02,Dim) 0, 26 Z WARKICEE & Dim £
#EfToUBIC 0 ¥ KRT 5.
make_rotate3z(01,02,R) 0 PREEH»S Z WE Y CHETER
RO AT o 2B O RAET 5.
#EA% | make-coaxiality(Op,02,Coax) MO, AHIILTHO DIEHDOE%FE
Wi Coax I X W HET 3.
make_parallelism(O;,02,Para) FEFH O, ¥ EEIZLTFHE Oy DIFHDE
L PATH Para KX W BET 5.
$T make_shaft_hole_pair(S,H) WS LAHEEATITS.
make_sphere_tps_pair(Sp,Tps) HRESp * Tps T3 AXFFL, AT 5.
EMNLT make_round(01,02,R) LER OAAMTITORMBEELERL, O
L0 KHLTERTS.

JE Pl oMICEWEE (), FhENEI TV,
6. $RBa1=—v FEEHOXE

6.1 WEEROMN

1oy FREHCBT B L v ARG L R ERER
sto@stowi: 3 IRLZE I ICEHL TS,
ITH, Ly AR R RIS RETRREIC BT A
BHEICOVWTRNS, L v XBRETOREN 2 KE
omht B12 RT. B (1)~(3)id B3 ITRL
-EAZE, MAEE, AEMITCERERANELT
wat, 37, RhEHEE, VA7 AHEHBICT
SVEE, BRI AT LOXBE T RN ORETE
PiIT o EETHS.

Q#aER, kERFECHONL Y XDTEHR
TEVATFLAANTE. @VAT LR, Ly XD
MEEZRIRL REMICER L, £OROSH % &E
FIHRT 2. @QBIHER, YATLALIYWRESH
-RHROPH O HFIHEAIIH L TEPY L EDND D
DR BIRTH., 2OLELAF LR, BIFEWRIRL
REHRICESEEVMELERT 2. OREHER,
RS- ETEORMR L ERT 2. OkEHER,
Ly ADMR - BSOS BB T A0, Tk
DBV, T, FHONEERETH. T2, LE
KIEL TS 22T 508 T RET, 4
UTELEET S, @ VAT AR, BEN-ZEAV
TRERN L BRINICT ). OREHEL, DERITO
ERLYFMEL, FREHNITIQ~OLBHRITT 5.

T BAEROWMNE VL ODDOERIC T B L &I, BHREL A
BHELLZV., 2T’ EBRY—VERVWAERORER (R
x, WK, W) IS Lo TR

AERTOEREBETHIE, RETERTTS.
6.2 EXBHOXIER

EAZENL, REROERTRELRIEL, 0%
B BEILT AREHEETHE. LAL, D ATOR
HBUR T3, PRI EFBPERY,S 2, 3 ORE
EriEEL, WEEFE»SREAMEREL TS0
KRR CHY, CoOFETIE, JEAMORIRIED
BHCEAENSE. 2T, AR TIE, YATAK
SRR RERERHEICER L, RETEIIEOS
PoRMEEDODNLBRAIREBIRL, ChEBELT
Buwahgttor., ¥, RIAROERICLERA
# (35% A2 BR) &, REABEEPRTEHRT S
>R EdRE, BES11), 12) TR ®
Hwiihd 5.

rRoOBIHABOERIZ, FEEBOLITHILD
BRI N-FMREREL 7075 I v S FE LR
TAHLEND S, AFFETR, ERRGEEZ BV
SHEtE BRI AT LA DSP ¥ EHL, EXRFOME
NR—ZZI32BEOTOY T AET a— e g R
L7
ERXFEIICBIILFHBORMERIEL B 13 (IR
T. IO DSP D 7u s 5 LEEBEE THH, £
AEFHOMBORKIZ, @ BEEMOFREETDH
D, BIFETOMEOME, QURREHETHMDY 77
ThY, REMOFTHOWERIC, @137 HERKE
WTHY, BRINTBEAROEAIMEDORWEKIC, £
hENFERTS.

¥ Fuys 3y S EFEOFMIIES ), 10).
*EE DSP Iz BIFH T U Y T ADRBENTHS
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(1) 37 3E D R
m_inmncc éelin.\z.lensr)e.v

- sttribute(e(R1),ec(ER 1) dir(D))),
mm_innme(unm.lenscase)
add_sab part(Lens;Spl),

add_)t;b_panangue.Casc).

©0

2) S ORX

© |©00

Q) TEDBEVDRE

make_transfer3z(Sp1,Sp2,L),
make_transfer3z(Sp1,S1,L1),
make_transfer3z(S2,H1,L3),
make_transfer3z(S2,H2,L3),
make_transfer3z(S2,P11,L2),
make_transfer3z(P11,Tps,L4),

00000

@) MY RENRR

make_shaft_hole_pair(S1, H1),
make_sphere_tps_pair(Sp2, Tps)

o0

gm_mle _pair
sphere_tps_pair

5) HHDERBREFANOEK

make_paralielismPi1,Tps,Para). )
make_coaxiality(S2,H1,Coax) @

[#]Para [A]

shafl_hole_pair
sphere_tps_pair

B11 MIHREOREH
Fig.11 Example of assembly structure editting.

AFEICLD, ERITDRL TR Do - RAROE
EHNABLEN, T20-00RFTME FITEIC
LOEBICRFEETE D,

6.3 HMmEtOXiE

FMRE T, REFICH O M IMEL A
SEIPSRAMT Y, FMBREOEN, » 5\,
MIECHTI OB, S, WEL TEHMLET S, L
v XERETR, MEVLLRATEORE, LX

WEOERME, L IRAOAAHT, L XD
F=MFi R ENTbhS.
MUMEORKBERIEIL, TROZRIE Con-
cept Modeller (BAF, CM)2®) % BTl L 7. F)
BEOHRERIEIL, 14 IR T L5, ERORKE
VEN L BB PR S22V, #RoOMmICH
L2 @EEHO L MIMELTRIET LV ) — X~
Y@QEBITWVAE., VY —R—Vid, REROME



140 WHnEE SR

—~
—
-

x

x

x

(13

@r

#*

#

& 5

t @ oo x|
P MY RN :

o

/L\

3

]

¥

12 L XIRFatoifth
Fig.12 Design flow of lens case.

WAMI N T

IA T REK il
18 EAXREAOXERK

Fig.13 Support enviroment for basic design.

rBICRBL, EHYF 7V 2 M T AT A2
VERYATI v T hE, LERERELED:A
Za—Q@QREDRHUERTRTHI LI TES.

6.4 ES5OEMMHNOXE

o0&/ ETLIE, LBHOITC &L RET S
eI THREMEDOIZL D& 2T 2 REHERTH 5.
O, R12 IRLARS ORI TR, BB
FO~QIHIE LTV 5. 1262 XBFOFEOFM
% @15 KR, @-17Ti, 33, I620%%¢H8
TEALHICHIMELRRT S, B5IIRLALY
XHeTiE, LYy XOZITERIC 3 Ak BHHEFL Tw
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14 MUMEORERE

Fig.14 Editting enviroment for assembly structure.

Qunoamthiz
LA}
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+
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| ® DM ]
'
| @ ¥ il H

15 {50 &Fitoiih
Fig.15 Design flow of tolerancing.

5. ®-2TiE, THEOBVEEET S, LUKEER
ETATEOEELBROTILREETH A, L
ARRETTIR, REBROSS—F AT, 2% B
FZ, TEEBD T EHEn, ©-3 T, HERBE
TBONAL v XOMBESBDIZS D X KEROY
BICGAHBE (RS BH) #8FI, L IHDE
HONEFREL, 6253 24#H+2. {6 I2F+D
—fI%kRT. @TiX, AEMITEIT. ¥, Eso
ERBROETNV (5.2 §isW) L AEBFOFED %
BRT L. Ly XBOL ) IIBITRENERSNLE
Gt o rEVa. ¥4 EBEICRLET
BEREOHESRELBITL, ST 2 - yHOMERY
WD, OTiE, REMTOERTFML, LEIIC
CTHIBRE~BRED T 2.

OO ERETTI, B 14 IRLA-ATEEDEE
REEZHANT, LEG-1~O-3 DHIMENORKL
179, RERBITOXEBIZIZ, DERKZBI X7 L4
KOSAYW1O 2R L1, AV AT A1k, RERKOD
FEE LT, REMRIT, HatBr, TEv7h0ro8%

T AbeRROS R,
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Table 4 Main parameters of lens.
LyX | VoXUR | BE (k) HaniE (%) h®E (4) HPHE (H) VX
No.1 0.0 18.6 14.2 85.0 12.9 2.6
No.2 4.0 —23.8 12.2 32.0 11.4 1.0
No.3 7.0 -140.8 12.1 —-18.1 13.0 5.3
No.4 12.5 37.7 13.0 -38.0 12.8 2.6
®E L AOMBEPHAFRIEEICG X 2BE — T To]
Table 5 The sensitivity of location and orientation of Q) c: [B] =
lens to optical subsystem performance. ci |B @ 2
. L > XEO¥4E Fi) o LR
Lo X OB Ly Xhoizn -
No.1 -1% -2%
No.2 —18 -3
No.3 -7 -3 = p:
No.4 -9 -3 Pl ——-— -~ =
®6 LXLL XBOTEBIUNE
Table 6 Dimensioning of lens and lens case.
VX No.1 No.2 No.3 No.4
BOBVE 416 | 4143 | 4152 | 4164 /e A oo T Ylc Al
BHEVAE a) a3 ag a4 L5 3 /1 c: [A]
RiTEE $15.0 | 4135 | 4144 | 4154 o
e by b b by 16 kol
6 i a cs ¢z o Fig. 16 Dimensioning.
FATE 1 c2 C2 c2

¥RWLTEY, ChOBRARDAZ2 - LEIRL T
FHTES.

6.5 L > Xkl

SIT, AT LEABOL Y XB»OL S
Ly ot BV TREFFERYHBET 5.

KA T, BA4OL  XDEEHETE AT L4
NDAZ2a—%BVWTANTIE (M120), M130Q
WRT X I I8SEOFERMNBEONDS (K120Q). o
Y7 A AT, ERE SR TELENSHS. £
T, N—FAYTIAONREL  XDBRKED
MBELVATLALINERSEZL H13@DEIH I
%A, BRI LER, BOERYERT.
TRV ANEHI14.35mm THEMAIEEL ~
ANEHR 1443 mm THLBY;2@H 5 EATH5.
CORDOEIL 1 ODEEREBRT L, VAT A
125 EBTRRAATHEET ABER T2 (K120).

A TIE, EARRETCER LA HEEY K13
(R L7-REE i CHRE L 2250, #fa=y toe
HBOMENLZRLCTELRET S, I/, HL
XERERIZ AT 24TV, 3FEBOL Y XITK, #EX
®EEH5 LA (KH120@).

* MTMAEDERIIDSP O SIS Ak TRAETS.

Rio, 1E6DXFETIE, Ly XDEBEHET S
7-HDEHTRE TS, Z2Tit, L XOFITEIC
IEERBEHE L. T, BAOKEESE, N—F 4
4ok, B16 X HITFHEDBVEED
7:. &b, k5 ¥BE, TEOKRELAEL
F6IWRT I I IIED -, 22Tk, 2FHOL
XOBEIKE VD, ThERIOKLMEE L AR
ELBEIVRLLLAE 4, 1 HEHOL Y XM
X, KEBRB/hS W), AEREEH(ERELL.
BhoL r X, H@FEEvAVW:. Tolds
DEREOERLLNEBT LBV TRIET 5. B4 D
LY XiZonT, Ly XRghnidsbo&), Ly X
DNBEBILEDL ) LEBEG X HADERIET 5.
B FEICREMRTEZ A, @16 DL » Xho¥ki
SPOPLBELy AR RINEBRABTHET L, T
DEIhB, EhL o XoEExE, VX2t
DBVH 1 DOTHEDII—FNIEL, BhoL X
B TEDBVAT2DOTHAEDIIL Y X 2ITHRKE
{oTWABI NGNS, 1, MORELFEMKT

jatad #6 DX ay~ay RIIDBVD, byj~by BRTELAZED,
~co RMTAZD, SBETRFNRL, RABHD /91D
PhRESND.

T MSENRAL L, AEORENLVIEREOARLYRAEL, BF
OMTHE L > TERTEIAZTRAATISIATHS.
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BT L ADIELDOE
Table 7 Variation of lens.

LyX | AEENIZLDE | WOERE | Lo X0t

No.1 + 0.070 +0.023 0.233

No.2 + 0.010 + 0.008 0.086

No.3 + 0.020 + 0.015 0.161

No.4 + 0.025 + 0.023 0.161
5.

/2, M1TRL X100y XHOEEBME
DREFBRTH S, K16, 17T OFEREFMET 5 &,
EHE+auetEdH ), REERE@BLLTNET
LG5,

EEERERAt T, L v XL Bk RE D fTb N 5.
LA L, BEEIRETCI3, ME2 XS D X3REM Mg
LREIHHY, EEBRBICBVOTAERRETIZL
HHEV, D, ERIZX ) EREROMN ELSSBNIX
LOoX%ANR, ThEITLOXBHOREL LTV,
L v XHeiket L BEERaREt & Tiro cid 6 0 & &kEto
BRY, BUREYIaL— 9 2HVWTRIETS. =
DERZFML T, MEIZTNE, [ T5DE3EHL
ETY5.

7. REREFHE

71 BT L

EVAT LR, EEOCHTRBLARETRI AT A
DSP, REMFTFEI A7 4L KOSA, BV, #ilK
DFXBFME CM AV THRE L. DSP I3 EA%E
BT AN —ADRRE L EITIC, KOSA A%
BT O — A DR L ETIC, CM IZREIHERD
WEBEICENFRERALZ. 72, CM BFIHAEZA
Y8 T7x—R, BLU, EXE&Y - LVORKEDOIZOIC
LERHENTWS,

72 XRER
EYATFLERFMT B0, ERITORTWAEA
FILLHBETL OB ET o7, B8 IIRTHIL, B
BEENRTVWBar 7 b A XS 2B DL » XHT
b5 EROKRE, BETEIVHERD LT TV 5@
FXBOFETHFLTH 1B, 2R FARSE
BRI ATFLAEHEHLTRET LIRS, H1EMTR
TL7z. WEHERICE, BAZEMRH LN, MEL DR
HORRRIEETHo72. KPRATFLADOMRITKRDOL
BYTHD. (1) ZEMEEORETILX, FrERICHBL
THEmLEL. (2) REROARKEHLZERRLITLD
ERBOEFNVERCARERITICE Y, IAREE
Tb, RROBVIREEL BRI EMTES. (3) i
HEER, BHTHREFI AN, (4) MEN- A
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Fig.17 Variation distribution.
n8 EBREE
Table 8 Experiment results.
ixEtH U X | EARRE | &atic (r3 32
(T2 A A7) | B [ ROBEE|EL AR | Rateyn
HhATAVXEL 4 18 #6073 | H1H

HAFTA L XBE2
NATB LYX#1
HhASB L XBE2
HhASB L XB3

18 #5% | H18
8 #5045 | ®18
10 #8osm | H1H
15 #5044 | H18

W o WwWw

TERTHILICLY, BRABORTLHEBATO,
A BHOBEIITX 2.

8. ¥ & »
AL, W ASOFERI=y FEFICE D, E5
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5DV — VIZEGNC IR S N REHNE L A RICE
NRADZBRELERT ILELDH D,

(2) ZYAT L%, EROZEELIERL TE
HERTITV, YATLAR VBT ILENDS.

(3) FMLTREL -FZEtXBOFEE, 6D
EREHVEEL SNAZEMOBEHH L THEBALTEHE
T HRERT 5.
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Fig. 18 Example of coaxiality.
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19 AERRIEEIC L D EARRITOFMH
Fig.19 Basic design sequences based on generate-and-
test method.

ft i

Al FMEICLZIESODERRAOER

FIWRE i, XD S oo EELR~OIE
HIZIBNBOIESLOETHL, H18 I2BVT, ¢
10 Do .0# 1 2 BRI, ¢ 5 OFOH.LH 2
2, FMETERESINAEZE0.05 DMRBHICHELET
5. L7=AoT, BEMRF*TIIEZE0.05 DAX R
THEAARLICEERE LTERTTL . BT
WCRBRFERT.

coaxiality(Ca,Cb,?Coax):-

true |
for(0, 360, 360/8, Deg), (1)
rotate3x(Ca,C,Deg), (2)

transfer3z(C,Cb,{Coa/2, 0.0, 0.0}). (3)
Z 2T, J—) coaxiality D5 |8, XM EER
Ca, FIRIBEAEA S N5 BEEDOERR Cb, FWE
DMl Coax Th 5. (1) i3, EBETF for xAWVT, 5
DERRBTBNTA-SL L THAELERTS (Z
T, AALD8 X)), (2) i3, rotatedz ¥ AV TE
BEMRRCa 2 AR L7-AETZHWOR D IZ Deg 724

T RO O EMBARE LD LI TS ERE TS S
.

KW
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Type D

Type B Type C

Type A

@) (WL XDBE ) ML Xngs

20 LYXDORIIE
Fig.20 Setting type of lens.

lens_design( { Dir: atom; it K TD-a
R1: real; L)
ERI: real; HEE)
R2: real; R AR ()
ER2:real;  fr4h¢E(43)
L: real; Ly Xg =
Ricreal],  giB:oL v X5E | D-b
(Type: atom; %4} ¥[f) B
R: real}) L > X4H% _ @
method  JEHIFHTMIE ST DOBA
Rr: real;
Ls: real;
when(Dir = left and R1 <0.0) @
{Type, Rr} :=select({ b, 0.6},{c,0.3},{d,0.3}); @
R:= max(ER1+0.2+Rr*2, Ri+Rr*2, ER2+0.2); @
call(thick,{R1,R2,L,R,Direct, Type},{Ls});
test(Ls > 1.0); 8
method
end.
21 DSP7uo/s/35.4
Fig.21 DSP program.
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