
More than just child's play: 

By Stephen Fantone 

A t first, the brightly colored 
Fisher-Price® sunglasses worn 
by your child appear to be lit

tle more than play items. But, in reali
ty, these glasses are the result of inten
sive optics design and manufacturing 
engineering considerations. The same 
is true for many other optical toys— 
binoculars, play "cameras," video 
products, and telescopes—developed 
by Fisher-Price®, Lionel® Trains, and 
other quality-conscious manufactur
ers. 

The result of optical engineers' 
complex designs are marvelously sim
ple and optically functional toys that 
involve an elaborate matrix of consid
erations not readily apparent to the 
untrained eye. Bringing to market any 
high-volume optical product for chil
dren, or even adults, with the highest 
quality and lowest cost requires an in
tensive mix of state-of-the-art tech

nology, design, marketing, and manu
facturing. This article explores the is
sues confronting optical engineers in 
toy design and manufacturing. 

Design considerations 
There are five fundamental consid

erations important to the design of a 
successful toy: 1) production costs, 2) 
time to market, 3) safety, 4 ) function
ality, and 5) manufacturability. 

Production costs 

The design of a toy requires exten
sive consideration of the toy's manu
facturing costs as well as its function
ality. For a toy line to have any hope 
of making it to store shelves, all ef
forts must be made to keep produc
tion costs reasonable. High volume 
production measured in millions of 

units over the life of a product places 
tremendous importance on the efforts 
of both the design and manufacturing 
engineers. If the production cost of a 
toy can be lowered by 50 cents per 
unit, mil l ions of dollars could be 
saved over the product life cycle. This 
challenge is substantially different 
than that encountered in designing 
and manufacturing one-of-a-kind or 
low volume products.1 

As an example, consider the prob
lems of molding a simple piano con
vex lens. The cost of molding a 1 in. 
diameter, 4 mm thick lens is strongly 
influenced by the center thickness of 
the lens. Such a lens might require a 
cycle time of 100 seconds to mold. 

If the design engineer can design 
the system so the lens is 1 mm thin
ner, the cycle time might drop to 75 
seconds, increasing the manufactur
ing rate by 30%. For a lens costing 60 
cents, this proportionately translates 
to a cost reduction of 15 cents. If 5 
million lenses are manufactured over 
the life of the product, the savings re
alized is $750,000! Clearly, the mag
nitude of these volumes and dollars 
encourages careful examination of 
the design and manufacturing tech
nologies from the start of the product 
design. Cost considerations constant
ly influence the design engineer's con
ceptualization of a toy. 
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Time to market 
At the outset of a project, before 

detailed design work starts, a strong 
working partnership must be estab
lished between the optical design en
gineers and the marketing profession
als associated with the toy. Often the 
financial success of a toy product de
pends on timely product introduc
tion. 

Typically, full-scale design and 
manufacture of a toy is preceded by 
an in-depth feasibility study, includ
ing artist renderings, market research 
data, representative models of the op
tical system, cost estimates, and pro
jected production schedules. 

The intent of the model is to accu
rately represent the optical perfor
mance of the final product. These 
models are presented to a review 
group that analyzes issues such as the 
prospective toy's position in the com
pany's full line of products, designing 
and marketing toward specific age 
groups to eliminate competi t ion 
among product lines for shelf space, 
market timing, and the toy's physical 
appearance. Only after consideration 
of all these factors is full-scale design 
effort approved. 

Schedule considerations are criti
cally important. Because many toys 
are seasonal, a delay in production 
may force a company to wait until the 
following year to sell the product. For 
example, for a toy to be ready for 
Christmas, a season of peak toy sales 
in the U.S., full production volumes 
must be available by mid-fall. The de
sign, manufacture, and purchase cycle 
for a toy may extend over a period of 
up to 24 months, so a close eye must 
be kept on the calendar to ensure 
timely development and manufacture. 

Advertising and sales to leading re
tailers must all be booked months in 
advance of the holiday season. A late 
toy introduction may defer deliveries 
past this period, allowing competitors 
an opportunity to respond and under
cutting the efforts made by the com

pany in developing a new toy market. 

Safety 
Safety is certainly the most impor

tant issue for parents when selecting a 
toy for their child. For the manufac
turer, safety can become a liability is
sue and the basis for establishing a 
reputation. As a result, toys must be 
designed not just to be used, but also 
to be abused by the age group for 
which they are intended. 

Safety issues affect the design of op
tical toys in a number of ways. First, 
they limit the manner in which glass 
can be used in a toy. If glass compo
nents are used, they must be retained 
within the toy. For example, in the 
case of the Fisher Price® Starscope Set 

(see Fig. 1)—a child's telescope—a 
flat plastic fold mirror was used de
spite the difficulties encountered in 
molding flat optical surfaces. 

Nationally recognized toy safety 
specifications have been developed by 
the American Society for Testing and 
Materials (ASTM). This standard— 
A S T M F963—covers a wide range of 
topics, including material quality, 
toxicity, paint finishes, impulsive 
noise levels, ingestion hazards, sharp 
edges, fasteners, elastics, hinge clear
ances, drop and impact testing, label
ing requirements, stability of ride-on 
toys, and toys that enclose the head. 

Specific product standards also 
must be met. For instance, for sun-

FlGURE 1. The Fisher-Price® Starscope Set uses an injection molded airspaced 
achromatic doublet and provides 17 X magnification, a set of 6 slides con
taining 30 astronomical images, and a detachable tripod. 
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... since quality control 
and safety standards may 
vary in each country, the 

toy's potential geographical 
market must be researched 

thoroughly. 

glasses such as those shown in Fig. 2, 
there is ANSI Standard Z80.3, which 
includes mechanical as well as optical 
specifications (see Fig. 3). The section 
on sunglass tint alone, for example, 
specifies that sunglasses must have ul
tra-violet and visible transmission 
controlled within tight limits and 
must provide the wearer the ability to 
differentiate traffic signal colors. 

As children, many of us learned 
some basic optical principles by fo
cusing the sun's rays onto a flamma
ble object through a magnifying lens, 
creating a fire. Today, however, com
panies must be aware of liability con
siderations and design optical toys so 
they do not present a fire hazard. 
Also, since quality control and safety 
standards may vary in each country, 
the toy's potential geographical mar
ket must be researched thoroughly. 
As an example, the U.S., England, 
and Australia each have individual 
sunglass standards. 

Play value 
Play value combines several design 

aspects, as wel l as market ing re
search. Is the toy designed to be edu
cationally intensive—a map of the 
United States with magnified viewing 
holes to display information pertinent 
to each state—or is it flashy and fun, 
like the sunglasses? Often, toys with 
the highest educational value are ones 
that provide the child's imagination 
with room to grow and are designed 

to help children learn fundamental 
concepts in such areas as science or 
geography. Though children may fre
quently look through the "wrong" 
end of a pair of binoculars, they unin
tentionally learn simple principles of 
optics. 

Developing a toy that functions 
within the reasonable technical re
quirements of a child's knowledge, 

yet resembles the adult version, al
lows the child to role play and devel
op various social skills. The Fisher 
Price® Crazy Camera provides three-
to five-year-olds with the sense that 
they are using a camera in the same 
manner as their parents and it essen
tially involves the same photographic 
experience. The special effects lenses 
(including several types of multi-fac-

FIGURE 2. Fisher-Price® Sun Jammer sunglasses. 

FIGURE 3. Sunglasses that conform to ANSI Standard Z 80.3 must pass rigid 
specifications. The chromaticity chart depicts the regions in which average 
daylight (D65) and yellow and green traffic signals must lie as viewed through 
the complying product. 
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eted prisms and a cylindrical lens) and 
colored filters contained in the cam
era increase the involvement of the 
child's imaginative powers, holding 
his or her interest for a longer period 
of time. 

The optical engineer must also bal
ance the child's capabilities with the 
toy's performance when designing 
products. As with the Fisher Price® 
Starscope, which is intended for chil
dren six years of age and older, sever
al practical considerations regarding 
product expectation require clarifica
tion. A child at this age cannot aim 
and steady a high-power telescope, so 
it becomes necessary to balance the 
reality of a child's capabilities with 
the telescope's performance. 

Another problem is that most par
ents do not allow children in this age 
group to stay up into the night at
tempting to view celestial objects, and 
rarely can provide their children guid
ance in locating these objects. To 
solve this problem and produce an 
educational yet affordable telescope, a 
17x design was settled upon that uti
lized injection molded optics, includ
ing an achromatic objective, Rams
den eyepiece, and fold mirror. Addi
tionally, the eyepiece was designed to 
accommodate slides of the cosmos so, 
with the accompanying star guide, 
children could receive the full benefits 
of the toy any time during the day 
and view celestial objects in more de
tail than would be possible with even 
an adult's telescope. 

Functionality 
Closely related to play value is 

functionality. When our design engi
neers were asked by Wickstead De
sign Associates of Cedar Knolls, N.J., 
to work with them to develop an op
tical system for the Lionel® Train's 
Rail Scope™ train engine (an integral 
video camera that allows the user to 
actually see the train set's landscape 
from engine level), it was important 
that the complexity of the system's 
design provide a high level of func

tionality without hampering the en
joyment of "riding the rails." 

The Lionel® Rail Scope™ shown in 
Fig. 4 contains a 120 x 160 black 
and white CCD and sends an F M vid
eo signal out over the rails to a modu
lator for viewing on a conventional 
television set. The optical system is 
comprised of an infrared filter and a 3 
mm focal length, F/4.5 lens that pro
vides a depth of field from a few inch
es to infinity covering a horizontal 
field of 44°. The exposure control sys
tem has an extended range that in
cludes most indoor lighting condi
tions. Another product, the Fisher 
Price® PXL2000 Camcorder, uses 
similar video technology, including 
an integral analog tapedeck that re
cords the video and audio channels at 
eight times normal audio cassette 
speed. 

Manufacturability 
While many toys are manufactured 

in the U.S., most are manufactured 
off-shore, frequently in Pacific rim 
countries. Distances between the 
manufacturing facility, the design 
team, and the prospective market re
quire that there be close cooperation 
and trust between the manufacturing 
facility and the engineer. This makes 
it necessary for design engineers to as

sume a more continuous coaching 
role with the manufacturer and to de
velop good quality control tools that 
can be used at the manufacturing fa
cility. 

Over the past 30 years, injection 
molding of plastics has become a pre
cise manufacturing technology.2 , 3 

Molded plastic lenses are common
place today, finding applications 
ranging from multi-element aspheric 
photographic objectives to compact 
disc optics and fiber optic systems. 
Along with advances in injection 
molding techniques has come an in
creased understanding and proficien
cy in the use of materials. There are 
three materials commonly used in 
plastic lens fabrication: polycarbon
ate, styrene, and acrylic. The first two 
are similar to optical flint glasses, 
while the latter is similar to optical 
crown glass. Acrylic and polycarbon
ate are commonly referred to by their 
trade names Plexiglass® and Lexan®, 
respectively. 

Polycarbonate is useful for win
dows and components that must be 
"unbreakable." Styrene lends itself 
well to the injection molding process, 
has faster manufacturing cycles than 
polycarbonate, and can be produced 
at lower cost. Acrylic is the most com-

FIGURE 4. Optikos designed the optics for the Lionel® Rail Scope, ™ which 
provide a real-time view from the train engine as it rolls down the tracks. A 
video signal is transmitted through the train wheels and through the tracks to 
a modulator that allows viewing on a conventional television set. 

OPTICS NEWS • OCTOBER 1989 11 



A factor that can 
compromise product 

quality standards in toys is 
the "knock-off" product. 

monly used optical plastic, finding 
widespread use in low-cost camera 
lenses, viewfinders, and magnifiers. 
Acrylic exhibits the lowest levels of 

stress birefringence and has excellent 
molding and processing properties. 

In many cases, the use of plastics in 
toys and adult products is essential to 
the affordability of the product. Over 
the years, both plastic materials and 
molding techniques have improved. 
Plastic components, once considered 
a lesser quality, are now routinely 
used in the manufacture of many high 
tech products, ranging from electron
ic enclosures to keyboards to tele
phone handsets. Toy manufacturers 
realized early that manufacturing af
fordable toys increases the total vol

ume produced and leads to even 
greater economies. 

"Knock-off products" 

A factor that can compromise 
product quality standards in toys is 
the "knock-off" product. These prod
ucts resemble popular items produced 
by the original manufacturer who is 
usually more concerned with quality 
and safety. Companies manufactur
ing these imitations choose to copy an 
original design rather than make a 
creative effort of their own. More-

FIGURE 5. Polaroid Spectra Camera 
viewfinder. 

FIGURE 6. This exploded view de
picts the assembly geometry of the 
Polaroid Spectra Camera viewfinder. 
Light enters the viewfinder from the 
left, passes through two aspheric 
negative lenses, bounces off two mir
rors, through a two-element positive 
group, bounces off two more mir
rors and through the Geld mask 
where the real image is viewed 
through a two-element aspheric eye
piece. The four mirrors erect the im
age. 

Fabrication and assembly of a high 
volume injection molded optical system: 
The Polaroid Spectra Camera viewfinder* 

The low-cost manufacture of the optically complicated Polaroid Spectra 
Camera viewfinder shown in Fig. 5 is only possible through the use of 

injection molded lenses and housings and highly automated assembly tech
niques. Close attention to manufacturing processes during the product de
sign phase resulted in a product that is manufactured in quantities mea
sured in millions of units per year. 

The viewfinder optics are important components of the Polaroid Spectra 
Camera, containing an unusual telescopic design comprised of injection 
molded components and glass mirrors. The reverse telephoto design in
cludes six lenses, five aspheric surfaces, and two prisms. All of the lenses 
are fabricated from acrylic plastic. Camera geometry dictated a folded 
optical path (see Fig. 6) that imposed severe packaging requirements. 

The optical components are machine assembled, aligned, and tested us
ing an automated assembly machine. Parts are placed into the viewfinder 
housing using pick-and-place units (robots) and are retained by snaps, 
clips, or retainer housings. Cycle time for each assembly step is less than 5 
seconds. 

The viewfinder is bore-sighted by adjusting the vertical tilt of the first 
mirror and the lateral position of the field mask. The system focus is veri
fied using an M T F measurement technique that images a rotating radial 
grating through the viewfinder and onto a slit. There is no adjustment for 
focus. Poorly focused assemblies are discarded, making it imperative that 
high piece-part quality be maintained so that the manufactured product 
can accommodate normal tolerance stack-up. 

*"Polaroid" and "Spectra" are registered trademarks of Polaroid Corp., Cambridge, 
Mass., USA Polaroid®. 
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over, the production of the imitations 
is often poorly executed, resulting in a 
lower quality product that is fre
quently confused with the original. In 
some cases, the imitator attempts to 
distract the purchaser from the func
tionality, quality, and safety of a toy 
with a promotional appeal such as in
corporating a popular cartoon char
acter into the product. 

Future outlook for optical toys 
The future for optical toys relates 

closely to the general evolution of 
products and their acceptance into 
the culture of our industrialized soci
ety. Many of the design consider
ations once reserved for children's 
toys are helping to expand the adult 
toy market. Advances in manufactur
ing technology now render it possible 
for products that were once expensive 
to become common household appli
ances. Such items as televisions and 
radios, once considered cutting edge 
technologies, are now essentially toys 
present in every American home. La
sers, scanners, and compact disc play
ers illustrate that state-of-the-art is 
not defined just in terms of the techni
cal content of a product, but also by 
the manufacturing techniques and ef
ficiencies developed to produce rea
sonably-priced products. The increas
ing use of optics and other high tech 
engineering techniques for low tech 
applications will further blur the dis
tinction between toys and adult prod-

Continued on page 35 

Such items as televisions 
and radios, once 

considered cutting edge 
technologies, are now 

essentially toys present in 
every American home. 

BRITE BUOY™ 
One example of a high-volume, low cost adult product that uses optics 

for a more practical purpose is the Brite Buoy™ manufactured by Whis
tler® Inc., of Westford, Mass. The Brite Buoy™, shown in Fig. 7, is a self-
illuminating floating marker designed to help boaters locate their mooring 
buoy by emitting an intensified, highly contrasting radial fan of light. The 
unusual crosssection of this cylindrically symmetric lens (Fig. 8) functions 
like a lighthouse lens. The light emitted by the bulb is refracted into a +/-
10° cone from the horizontal. The dome section is frosted and the internal 
mounting thread is molded directly into the lens (Fig. 9). 

FIGURE 7. Whistler® 
Marine Bright Buoy™. 

FIGURE 9. Whistler® 
Brite Buoy™ lens. 

FIGURE 8. This cross-sectional view of the Whistler® Brite Buoy™ lens illus
trates the similarity of this faceted optic to a lighthouse lens. The cylindrically 
symmetric lens refracts the light from the centrally located bulb into a +/- 100 

radial fan. The domed top is textured to provide a diffuse source. 
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those optical pioneers of the first half 
of the nineteenth century, in particular 
Wollaston, Young, Brewster, Malus, 
Laplace, Biot, Fresnel, and Arago. 

JOHN N . HOWARD, Newton High
lands, Mass. 

Quality control 

Optical techniques for industrial 
inspection 
By P. Cielo, Academic Press Inc., 
San Diego, 1988. $74.50, 606 pp. 

This is an excellent introduction to 
quality control via optical measure
ments. Although well known as an ex
pert in this area, Cielo has managed to 
write at a level appropriate for those 
who have no prior experience. At the 
same time, he has provided a useful 
reference work for established practi
tioners. The book will be of value 
both to engineers familiar with optics 
who are now examining industrial in
spection applications and to those al
ready experienced in some aspects of 
quality control who may wish to wid
en their knowledge of optical tech
niques. 

The book is well laid out, the print 
is easy on the eye, and there is a copi
ous supply of figures (over 350). These 
are usually very clear and helpful (one 
exception is the first graph, which 
would benefit from having scales add
ed to its coordinate axes). The first 
third of the book provides some inter
esting background material, the value 
of which will depend strongly on the 
reader's prior experience. It contains 
miscellaneous information on indus
trial inspection as well as a chapter on 
nonoptical techniques, ranging from 
mechanical gaging to radiographic in
spection. There is also a substantial 
chapter on the basics of optical tech
nology, such as light sources, detec
tors, signal noise, and so on. 

The remaining two-thirds of the 

book contains the material that gives 
the book its tide and is divided into 
five chapters. Each deals with a broad 
area of application. The primary 
themes are: surface inspection, gaging 
and profiling, nondestructive testing 
by several means, process control, and 
material analysis. The descriptions of 
the various techniques are sufficiently 
comprehensive—and comprehensi
ble—to enable the reader to move on 
to more in-depth treatments else
where, if needed. 

One can always argue about the 
emphasis that should be given to par
ticular methods. For example, there is 
relatively little about the optical moni
toring of air pollutants or the determi
nation of the thickness of transparent 
films on absorbing substrates. Only a 
brief reference appears to color mea
surement and I saw nothing on distor
tion in glass. On the other hand, there 
is a detailed account of robotic arc 
welding and the relevant sensors. 

The references are extensive and 
reasonably up-to-date, with many be
ing to articles published as recently as 
1986. The subject index is good, 
though not exhaustive. For example, 
the word "weld" does not appear, de
spite its coverage in the main text. The 
index contains some surprises. For ex
ample, if one looks at the entry for 
"fatigue," it occurs in only one of the 
locations specified. The remaining 
three references lead the reader to ma
terial that is certainly very relevant to 
fatigue measurements but that does 
not contain the word itself. 

The book is not inexpensive. How
ever, it is an extremely valuable and 
very readable resource on optical in
spection techniques. The future will 
inevitably bring refinements of cur
rent methods and the development of 
new ones, but I believe this book will 
continue to be useful for years to 
come. 

DAVID M . ROESSLER is staff research 
scientist for General Motors Research 
Laboratories in Warren, Mich. 
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ucts. 
Consumers will find toys that com

bine optics and electronics to a larger 
degree. The Lionel® Rail Scope™ en
gine is one example of this, as is the 
Wickstead-designed Ohio Arts®-Ani
mator 2000™ (a computer-based liq
uid crystal version of the original 
"Etch A Sketch®") and the Fisher 
Price® PXL2000 Camcorder. When 
these products are considered on both 
their technical merits and manufac
turing costs, they are state-of-the-art! 

The very fact that the complexity 
involved in the design and manufac
ture of quality optical toys remains 
unknown to most people is proof of 
the design engineer's success. Inten
sive effort and planning early in the 
design process makes possible the 
simplicity, educational value, and, 
most of all, enjoyment of the final 
product. 
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