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“for a particular magnification ratio. In this manner, one grid produces the
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This quadratic equation is solved for Z,. With this value of Z,, the predetermined grid image will yield
the correct add.



45 [err] 50 fromwhich [err] 55 This quadratic equation is solved for [err
Wth this value of [err] the pregreoesnoeseBi grid image will yield the
correct add. 3 EP 0 269 069 Bl Fig. 4 shows schematically a
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the dens) Ly“ ﬁ At this point in the design concept, a set of prisns
is oqgalned To 0 taln the surface, the prisns are added using continuity
consi der at {1Nay HAEpork BRAE R dofhed BPAL R8N Fd%.qag,hnepw diBctibMdpRndtaleon. 20
The chief ray is traced for each point and P. Fig. 3 shows that the point
8 is determ ned by point F and the distances aJ?n% the optic axis. Point B
is obtained by, [err] 25 Th? r@y g‘ Z] E&io is defined by the
vi ewi ag geonetry. The ray difectio nts are: [err] The ray direction
fromHto Bis defined by refractlon at p0|nt B. (Refer to Fig. 5A.) The
surf ace «aoT ik <35 Aol <i:ITe(Zekd’td ng ray are known at this point from which
the ray direction is deternmned. The general law of refraction is: [err] 40
where [err Ihet’h\ed"ieﬁg?" dramH 19 Bct W'"edi%r’?f aetiop akspeint BdBeleide Fal SA-) e prEfagefgenal of
r ef r a¥t |361’1 he SfEnct R 218 NS 2 &¥porolk o wRish e By dicfiony is Peiprriget 1R 9e PrRbIBE §f f ace
nor mal d?mﬁ ff Bis [err]that is a unit vector parallel to the optic axis.
The general |aw of refraction is used to detern ne the ray frompoint Hto
[err] The foll owi ng val ues apply'e45= ne+b¥. 0, n = [err] the index of
“refwaction for the lens materi al, [err] the formula si nplifies upon

substituti Qﬂeré 8is the ray unit vector, Vthe surface normal, n the index of refraction, and the prime denotes
quantiities after refraction.
The surface normal at point B is V = k , that is a unit vector paraliel to the optic axis. The general law of
refraction is used to determine the ray from point H to B. €, . The following values apply:
45 n =10, n=n the index of refraction for the lens material,

-t

€' = €p € = Tp the formula simplifies upon substitution to

C)_

€bx T Miepx €y = Ni€hy €hz = Miep +0

50 where,

X

o»

- B
b = €y (..l iver

55
and

€hx = €p/M




| rr]' 50 where. [err] and [err] 4 . EP 0 269 069 1 [err] Know ng point
By the ray.direction frromH to .B.e@o@dsé bes 8i stance [err] the point His
deétermined. 5 (Refer to Fig. 58.) [err] 10 The ray direction from
. ppint P'to H can be determ ned since both points are known. (Refer to Fig.
5C.) [err 1% The entering and exiting rays to the surface at Point H are
khown, scrthEe®YMface normal at this point (Refer to Fig. 5D.) [err] where
[err] 25 Therefore {errl{ The conputation thus far has given us the surface
nor nal fo% ff'ﬁ’é’"fgrpgg BoBY (P DRRYPT Oh 'R A2t MY rHEe (£o-Zphibe Spipice Sdefegmined.
repeat & F¥7F 4 %di nts in the grid image. In this way, we end up with an
array of surface,normals that nust be converted into surface heights. 35
The f_oreg&imq) pqﬂ‘?iiea};!"on produces an array of surface nornmals. An area of
t he~progressive a dithdn lens is assigned to this normal. Each area is
consi dgred 13 Aedidctdh #5R p¥htlito Skl BES AR FdBYncHbotERiYard BRwALHRY 0. ¥€) The
boundary of the plane is defined by the m dpoints between nei ghboring array
poi nts. (Refieg-xhor (¥ gy +@&z.dhe surface heights are obtained fromthe
surface shopes-xpw,a, pvpegss of summation. The constant of 40 summation is
t he refergnce@iopt from which all the heights are neasured. This reference
hei ghtrsis taken as zero at the vertex of the progressive addition |ens.
i.e., X = QOThenterify anfifeaiticgoryrutt dtei sorfech egifams Hfrepkmowrh@o therstréage adrma! fakthis point
gr ogr essifeeraeldp+50dn | ens where the height is assuned to be zero and
xpands outward fromthere. Consider two neighboring planes at array points
(ij) and ¥nI ¥ %s=dho¥m in Fig. 7. The height at point (n,n) is known from
a previfol¥x Earetrdlt 5 arfe 'héreddre its 45 Cartesian coordi nates are
known. The;‘ %eneral formof the equation for a plane is: [err] where [err]
is a point®n the surface and [err] are the direction cosines of the
normal . The 2 ifj@n that the ends of the planes touch at point Pis
i nposeg. oi“ﬁg‘) 5&92%(%Jéﬂm dpoi nt between the two array points and is given
by. [err]tnaeiore Where ij are the indices of the point in question and n.m
is that for the previous point. Using these values for point at (nm in the
equation { & na,Rlae we find the z coordinate for the point at P as. [err]
Vy = (Menyepy)d
30 Vv = {MNienzepa)/d

The computation thus far has given us the surface normal for the progressive addition lens at point H.
The process is repeated for all points in the grid image. In this way, we end up with an array of surface
normails that must be converted into surface heights.

35 The foregoing computation produces an array of surface normals. An area of the progressive addition
fens is assigned to this normal. Each area is considered to be a plane with surface normal given by the
array value. The boundary of the plane is defined by the midpoints between neighboring array points.
(Refer to Fig. 6.)

b The surface heights are obtained from the surface slopes by a process of summation. The constant of

~ 40 summation is the reference point from which all the heights are measured. This reference height is taken as
zero at the vertex of the progressive addition lens.i.e.. X = 0,Y = 0.

The computation begins from the vertex of the progressive addition lens where the height is assumed

to be zero and expands outward from there. Consider two neighboring planes at array points (i.j) and (n,m)

as shown in Fig. 7. The height at point (n.m) is known from a previous calculation and therefore its

45 Cartesian coordinates are known. The general form of the equation for a plane is:

u(x’xo) + B(Y’Yo) + ‘Y(Z'Zo)
where X,, Yo. Z, is a point on the surface and o, 8. y are the direction cosines of the normal. The
50 condition that the ends of the planes touch at point P is imposed. Point P is the midpoint between the two
array points and is given by.

P, = (xi§+xnm)/2 py = (Yii+Ynm)'!2

85 where i,j are the indices of the point in question and n.m is that for the previous point. Using these
values for point at (n,m) in the equation for a plane we find the z coordinate for the point at P as,

P = Zam - [onm(PxXam) + Bam(Py=Yom)lyam




“ EP 0 269 069 Bl where [err] is the height of the previous point. Using the
equation of a plane far the pl.anep o@es aénBng t he unknown hei ght we obt ain,
[err] What is left is to continue these calculations for the next

nei ghboring points until all the surface heights are cal cul ated. The above
anal ysi s includes the assunption that the initial progressive addition |ens
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NUMEr i CadornGalNitdhDvhichldM $idfadea@ights @k @btaaletiSEe pRicesa)coaifl bp Gepabtsd Lidrgnthase Inbw

nor mal | ysultee Sp@sitd impebve i @sraca etimbite. oM sihgiqiteratibrsis aufciepbloaietieth dogurapéstimae

i nt er pol dithedems siidce. The effect of the spline interpolation | s to slightly
al ter the #ewisguindinghe desigmomedassnye havaedefinerd ftosr prifareeat of set 9Py 'E%is'i’w@e

addi t i onintpregetion of thearys Siogrihe imegaridng. refntse B igd delhe GurserisetcAmtie BN ELALRDBE hi ng.
t akes pldgewr iamayagiyroltsetign dUe‘°t"6*"\t 2 SB‘?CUHﬁarTﬂ?QsepﬁdS'&‘é‘?b PRIHS e %btaﬁ‘g%av tsEf'”e

generat gnteRatiap] d. AN EXAVPLE 2 A exanp le js resente he \

als: #r e t FRecREEt O'ThesAlion '&terﬁ?'@m ht'ﬂ"i' f'g'%h j."b“r‘?% k 1’ he ray!
di T ect | OHGPPYERaTdlop egt i 1ot s 8;‘6‘9 é o °8rr?{“°@"'"94 PR orr]
The Poi nt™ B'9"s™ 8 5 %Y ?féW'"géi? Ser T ]s — 4%9@88 ?%64 - 169) :

03156),4 E%gﬂ%g 49. 0186 [err] The ray di rectr ons frompoint Pto H
[err] 5 269 069 Bl The surface normals at point Hare: [err] =

1.5(- 0315@% xaprglé%]presentedltgggo@ Ho el rays o t[a@écf Fheata®76 b = . 51109 [err] =
. 20006 betbolz, = 168%L k 160 29 L9560 &1 2145 N1.= f6 REEDOW, afo desbgaming 6 he surface
of a progreq,g,agygca,mgdr on lens (10) havi ng an upper portion ( 11) for

30 X, = 11.37(1200 - 169)/(1440 - 1200) = 48.86081
Yo = 0

The ray directions from B to F are:

35 pp = [(11.37)2 +(1440-1200)2]F = 240.27
epx = -11.37/p; = -.04734 eby=0
bz = (1440-1200)/pf = .09888

-\/ The refraction at point B:
b = ¢, -(1.52-1+e2_1% = -.50037
bz : bz :

a5 -04734/15 = -03156 ¢n, = O

{.99888-(-.50037))/1.5 = .99950

The Point H is obtained:

50 X, = 48.86081 + (164 - 169) (-.03156).99950 = 49.0186
Yo =0

The ray directions from point P to H:
55 pp = [(40-49.018)2 +(0-164)°}F = 164.24779

€ox = (49-01868'40)/pp = 05491 €py = 0
¢pz = (164-0)/p, = 99849



] ,10 di stance viewng, a |ower portion (12) for close-up vision. a
transition zone (13) between t-hegdippgg odgldyd and [ower (12) portion, and two
peripheral zones. conprising the follow ng steps: producing a desired
pattern of grid lines (20) in which the astigmatismis distributed over the
entire paeseface @fmayrat doidtiiees (20) in predeterm ned manner. assumng a grid
view ng system where the |ens produces an inmage of a standard regular grid
pattern g2%)!-X-Q3t50e-064 A oft22%he desired grid pattern (20), tracing the rays
from eadty 1P bv: = YPT&P crY4¥ ng of the desired grid pattern to the
corr eSpdndi r?ﬁooﬁﬁ’vdoc"rzcrngQHQ of the standard regular grid pattern,
cal cul atﬁjng by using the laws of refraction, for each of said rays the
cal #2de nor mal of the | ens which | eads to the ray fromthe grid
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ei ner vor besghisrofrthe fenstirdm e daldialed eurfaer togndls. | st, Annahne ei nes

G ttéewbet racht ungssystens. in demdie Linse ein Bild eines her- konmichen
regel nalﬂageeﬁ'"@f'??'@r must ers (21) in Formdes gewOnschten G tternusters (20)
erzeugt, Verfol g der_Strahlen von jedem G tterschnittpunkt des
gewUnsch‘t eMe’@"f"t é&"nﬁ%’? ?”é:‘gzqf' Porrfiashe S P‘(apmﬁfﬁﬁf‘(ﬁ’éﬁ”ﬁlf"’ts%r(é%mf 1e'f‘ r?R‘E’e’Hes
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der Linse, ssen e le ntte r 0 )i rs von |erl|n| md
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oper at i dieyengidatienst es: produire un notif voulu de lignes en grille (20) dans
quuel | "astigmati sme est reparti sur tout | e notif de | |8nes en grille
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1. _.A method of designing the surface of a progressive addition |ens (10)

havi ng an upper portion (11) for 10 di stance—vrew—ng——a_l_ome_ portion
(12) for .close-up vision, a trappigdegdves @ic 13) bet ween the upper (11) and

lower (12) portion. and two peripheral zones. rmum’m'mumm "I ow ng
steps: producing a desired pattern of grid line "

asti gnatfuesmar:%n@nsiatlpb-ut*edeover the entire pattern of grl’tj I5i nés (20) in
predet ermi ned manner assumng a grid view ng system where the | ens produces
an i mag®x 6f' ¥-SHBhRFY Fed®Par grid pattern (21) in the formof the desired
grid pat't &rqpy ZO§°°7§Path the rays from each 15 grid crossing of the
desi Fed”‘gn?a a"tfteq}‘f 19 Re corresponding grid crossing of the standard
regul ar grld pattern. calculating, by using the laws of refraction, for
each of T rays the local surface normal of the Iens whi ch | eads to t he
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t oards  t g cQr remuin ol (%,93 QoS- m A a i i ugaet
pattern, gaRgdo \9@ (B %rmnngnd W& perlph rﬁQ@n;bedog\ I:s$ngq e ;omaw E's(b'fis Jr S0k ?desnred
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Abschni t t pfttéch) calcnidtingetn using ehedawsAb@brinort. for €4cR )of saithvey szteliocaRaunfdceoensl of the
unf assendledd ehi¢holeagieriel tha rScfrom the grid ¢dessing of the desrechgdd pattenn rpsiod tedractedtowaedss von
G tterl i nierro(rgspynding rorid easeingd et thasstandandh réggiani sridupaiternd ay gaseraining theligurfege von
Gt er | i NI SOP '4np rem fercagirsesstficane@alSArt und Weise verteilt ist.
Anna¥ne_ei nes G tterbetrachtungssystens, in demdie Linse eiin Bild eines
her - kcﬁ‘?‘?ﬁ“itaé‘ﬁ%'?'l"'?eegel mal 3i gen G tternust ers (21) in Form des gewunscht en
Gtterrruse 20 efo von |
G tterschbz [agfﬁg ') B :Eé/\fj’u Cglﬁ’ff léﬁhe WL re V £u gzajee ( m't ?'" ?lf??den
C T C
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zone¥de t MEhH$PY Besimmasger Onerfidshenhohga AerjLinse ghand de( preecinplpy Fisghepaormgen: | e
inferieure (12), et deux zones periphieriques. |e procede conprenant |es
oper atﬁ?ﬁ’f%“%‘iﬁ‘@%t es : produire un notif vouI u de 1 gnes en gri I l e (20)
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cal cul 6es surkgse qu verre a partir des normales 2 la surface calculées.

56

~l




