
FIGURE 10. CVROS all reflective optical scanner concept. 

cepted and collimated by a hyperbo
loidal concave mirror that is one of a 
dozen or so dimples that are diamond 
turned into the face of a disc. The 

disc, which rotates about an axis that 
coincides with the axis of the conical 
field mirror, performs the horizontal 
scanning. The hyperboloidal mirror is 

used to compensate the spherical ab
erration of the primary mirror while 
adding no further aberration. When 
implemented, this new approach to 
the correction of the spherical aberra
tion wi l l replace the current tech
nique, which employs a Bouwers-
Maksutov concentric meniscus lens. 
The collimated bundles from the disc 
are intercepted and brought to a com
mon focal point without aberration at 
a detector by a stationary off-axis pa
raboloidal mirror. 

Thus, through appl icat ion of 
aspheric surfaces of varying types, all 
of which can be manufactured by dia
mond turning, a compact high speed 
infrared scanner has been made possi
ble. Performance improvements and 
cost reductions are being realized in 
other IR designs as well, and the new 
design freedom given to the IR optical 
designer may be extended in the fu
ture to the designer of high precision 
visual and U V systems. 

R E F E R E N C E S 

1. Gordon J . Watt, "Lathe for generation of 
aspherical surfaces of revolution," SPIE Pro
ceedings, Vol. 433, Aug. 24-26 , 1983. 

2. Wil l iam H . Taylor, "Characteristics of a 
new compact video rate optical scanner," 
SPIE Proceedings, Vol. 518, Oct. 23 -24 , 
1984. 

Lens design and lens designers 

A re they, as the song says, like 
Love and Marriage—"You can't 

have one without the other"? 

Why you still need a lens 
designer 

After a long period of stability in 
the lens design software field, which 

has culminated in the adaptation of 
large lens design programs to desk
top computers, there are now a few 
new things appearing on the horizon 
that are causing people once again to 
ask, "Is the human lens designer go
ing to become obsolete"? 

This is a question that was heard in 
some circles when the damped least 

Is the human lens designer 
going to become obsolete? 

squares "automatic lens design" pro
grams first proved practical. It soon 
became apparent, however, that the 
new programs were optimization 
programs and not "automatic lens de
sign programs." They were capable of 
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driving a lens design form to the near
est optimum configuration as defined 
by an error funct ion, commonly 
called a "merit function." This merit 
function is typically the sum of the 
squares of a number of aberrations or 
image defects. Thus, the smaller the 
merit/defect function, the better the 
lens is presumed to be. 

Basically, in an N-dimensioned 
space (where N is the number of con
structional parameters of the lens sys
tem that may be varied), the problem 
is to find the system configuration 
with minimum value of the merit 
function. It turns out that for a system 
of any complexity, there are many 
minima; indeed even for very simple 
systems there may be several. The 
damped least squares optimization 
program can readily locate the near
est minimum, but it may be a very un
satisfactory one, and there may be a 
much better one nearby. And, in gen
eral, one has absolutely no way of 
knowing whether any given mini
mum is in fact the best possible one. 

And so the conventional wisdom is 
that a knowledgeable and experi
enced lens designer is necessary to 
start the computer out in a region of 
the N-dimensional space that is close 
to an acceptable minimum. Without 
the designer's experience, the com
puter cannot be depended on to lo
cate a useful design form, and its 
proper role is therefore that of a fast, 
effective tool in the hands of the mas
ter. 

Expert systems and artificial 
intelligence 

There are some new developments 
that may change this picture. One is 
the emergence of expert systems 
adapted to lens design. One system is 
essentially a collection of very well de
signed lens types, plus a program that 
will select from this collection the best 
match to the requirements at hand. In 
addit ion, it possesses a store of 

knowledge from expert designers that 
can be elicited by request. Thus, one 
has at hand a great deal of experience 
and knowledge, and if one's require
ments are within the scope of the col
lection of designs in the program, an 
eminently suitable starting point for 
the automatic design program can 
readily be selected. 

Another approach is as follows. 
The computer is fed a number of 
"good" designs. These are analyzed 
in an unusual way: Section by section, 
the aberrations are analyzed to deter
mine the type of aberrations that exist 
within the lens. Presumably, these ab
errations have subsequently been cor
rected by the remaining sections of 
the lens. The presumption is also that 
these have been expertly corrected. 
The design being worked on is also 
analyzed the same way and the pro
gram attempts to match the problems 
in the new design with those that 
have been expertly solved in the exist
ing "good" designs. It then suggests a 
combination of an appropriate part 
of the new design and the comple
mentary part of a "good" design as a 
new starting point. Again, we see a 
program providing the expertise to 
select from existing designs their 
strong points and, hopefully, starting 
the optimization process in the neigh
borhood of a desirable minimum in 
the error function. 

A new optimization technique 

Several workers in the field are try
ing what is called generalized simulat
ed annealing. (If this works out to be 
the wave of the future, I hope we can 
find a better name for it!) In this tech
nique, the computer selects a new de
sign configurat ion by a random 
choice of each of the variable lens 
construction parameters (constrained, 
of course, to "reasonable" values). 
The new merit function is calculated 
and chance is called on to determine 
whether this new form is accepted. If 

These new developments 
will allow the lens designer 
to be less experienced and 
less knowledgeable, but 

one is still necessary. 

it's better than the old, it is uncondi
tionally accepted. If it's worse, then a 
probability factor is calculated that 
determines by random chance wheth
er the new form is accepted. The 
worse the new form is, the lower the 
probability of acceptance. 

Thus, this type of program is capa
ble of skipping over a nearby mini
mum and finding others that are bet
ter. It seems to be a promising ap
proach to finding starting designs for 
the standard optimization programs. 

These new developments will allow 
the lens designer to be less experi
enced and less knowledgeable, but 
one is still necessary. So we are not 
quite there yet—and who knows, we 
may never get to the point where we 
do not need a l iv ing, breathing, 
knowledgable lens designer to start 
up, and intervene in, the "automatic 
lens design" process. But we are get
ting closer. And until we get there, it's 
still like Love and Marriage: "Lens 
Design and Lens Designer—You can't 
have one without the other!" 
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