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The Elements of Design

An inside view of how innovative individuals produce
technology breakthroughs.

By Tom Thompson

Genius is 1 percent inspiration, 99 percent perspiration.
—Thomas Alva Edison
he inspiration and perspiration associated with pains-
taking research was a solirary affair during Edison’s
time. The famed inventor worked on his own in an
equipment-packed laborartory. Today, however, the
image of the dedicated inno-
vator working away ina clut-
rered butcozy laboratory has
apparently gone the way of
Edison’s original carbon-fil-
ament lightbulb. Modernre-
search projects often cost
megabucks, mustofferaclear
return on investment poten-
tial, and require armies of re-
searchers operaring exotic—
and expensive—equipment.
It makes you wonder:
Does only big-budger re-
search drive the breakneck
pace of breakthrough rech-
nology and products in the
computer industry today? Or
is there stll room for the lone
individual ro make a signifi-
cant contribution?

We toured several re-
search facilities to see how
new products come to be and
to get a glimpse into the cre-
ative processitself. The mega-
bucks stereotype is partially
rrue: Basicresearchinto, say,
new disk drive technology
requires some major-league
tunds. However, other im-
provements, such as new ways for a drive to pack more data
onto a disk, are sometimes the work of a single person. Novel
and common innovarions alike, ranging from low-cost digiral
video cameras, to new hard drive designs, to more comfortable
pointing devices for notebook computers, originared with an
individual or a small group of people.

Edison’s rule still holds true: Innovative designs still need
inspiration and plenty of perspiration. These days, the perspi-
ration might involve adapring a new design for mass produc-
tion or convincing others thatan idea has merit. Butthe creative
person usually does not work in isolation: Close communica-
tion among evervone involved in a product’s development is

essential. This combination of inspiration, perspiration, and
communication figures prominently in the following stories.

JustDo It

Someumes just finding a new way to do something takes a great
deal of perspiradon. Ted Selker, an IBM Fellow who works on
user-system ergonomics re-
search at[BM’s Almaden Re-
search Center, knows about
this firsthand.

One of Selker’s projects
was 1o improve the pointing
device on IBM’s notebook
compurers. Selker’sresearch
started in neurophysiology,
burt his doctorate thesis on
adaprtive help systemsbetrays
his interest in improving the
way in which people work

s

with their computers.

Notebook pointing de-
vices presented many prob-
lems. A mouse requires a flat
surface to operate—a scarce
commodity onanairline seat.

talso means you lose the use
of 2 second hand on the key-
board—rvou have to move
one hand from the keyboard
to work the mouse. Because
of the latter problem, Selker
decided tharany pointing de-
vice had ro go on the note-
book’s kevboard.

Because of its proximity
to the processor and hard
drive, the poinring device
would absorb a lot of heat. The best design for such an environ-
ment was a square polycarbonate post with four strain gauges,
one on each side. The four sensors that measure how much the
post flexes also cancel out the effects of heat expansion. Thus
was born the TrackPoinr.

Figuring outexactly where to place the device was tough. On
top of that, some initial research showed thar if-the TrackPoint
funcrioned simply as ajovstick, it made a poor poinring device.

Clearly, 2 berter control algorithm for the device was just as
important as its location on the keyboard. Selker came up with
amodified TrackPointthatcould be tested, changed, and moved
in minures, which helped speed up the user-testng process. These
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tests measured how quickly and accu-
rately people could make selections with
a TrackPoint for 2 given control algorithm
and keyboard position. It took another
seven vears to derermine the algorithm’s
proper speed and control constraints be-
fore the TrackPoint became a practcal
replacement for the mouse, The exten-
sive testing also derermined the Track-
Point’s final kevboard locartion, surround-
ed by the G, B, and H keys. Test results
had shown that this position would save
nearly a second of work time compared
to grabbing a mouse.

Selker got another idea while doing a
presentation—or at least while trying
to. Certain companies made LCD panels
that you could place on an overhead pro-
jector to display 2 compurer presentation.
Selker wondered, why not use the note-
book computer’s own LCD screen for this
purpose? When he asked display vendors
abour this, he was told that it probably
wasn't possible to isolate the LCD panel
from the backlight.

Still thinking that the idea was sound,
Selker literally took marters into his own
hands. Hebought2 ThinkPad, wentto the
workshop, and sawed the back panel off
the display. The results weren’t stellar,
but they proved the concept. After three
months of refinements to address wiring
and heating problems, Selker had a work-
ing model. The result was the ThinkPad
755CV, the mobile presentation notebook
tharlets you remove a panel from the back
of the display to turn it into an overhead-
projection panel. “To make an idea suc-
ceed, sometimes vou have to ignore con-
venrion and try,” explains Selker.

Packing a Platter

Steve Herzler, who is also at the IBM Al-
maden Research Center, researches disk
technology to look for ways to increase
capacities. He doesn’t develop specific
products, but instead explores the arcane
elements of a drive’s architecture that
might permit it to store dara more effi-
ciently. While his background as a physi-
cist might seem an odd fit for this line of
research, Herzler considers it an advan-
tage. He didn’t have any preconceived
notions abour the myriad physical, elec-
trical, and design solutions that IBM’s
development and manufacturing reams
had come to rely on over the years. “So, [
looked in other directions for ways to
improve storage capacity,” he says.

One of the first things that Hetzler
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An open mind helped an 1BM researcher find a way to save
hard drive servo information within the data.

looked at was how a drive uses its servo
informarion. Such information exists as
magnetic patterns on the drive plarter that
the drive uses to position the read/write
headsaccuratelv at the properlocation on
the placter for read/write operarion.

In a hard drive, dara is stored in sec-
tors, arranged around concentric circles,
or tracks, on the plarter. When the drive
processes a read/write request, it first
moves the head to the track thar conrains
the desired secror. The drive then waits
for the platter to rotate the appropriate
sector under the heads.

Until recently, there were two domi-
nant methods for storing servo informa-
tion. The dedicated servo approach re-
serves an entire side of a plarter for just
the servo information. All the drive heads
move in unison to the same location on
their respective plarters. This scheme of-
fers many benefits, including high per-
formance and the ability to accommodars
anv data format. Bur ir also has its faults.
Dedicaring an entire side of a plarrer for
just servo informartion consumes signifi-
cantcapacity on 2%-inch drives, since they
have only two or three platters.

The second approach, called embed-

ded servo, places servo information be-
tween the dara sectors on each track of
every platter. This approach is well suir-
ed for low-profile drives, since every sur-
face can store data. The drawbacks are
that the embedded servo informadon con-
sumes about 10 percent of every surface
and, since each track must have the same
number of data sectors, this limits the
number of sectors per track.

These drawbacks didn’t seem practi-
cal to Hetzler. His radical approach: En-
code the servo information inside the data
sectors. This eliminates the constraintthat
the servo information must be between
the dara sectors and thus supports more-
varied darta formars.

Housing the servo information with-
in the dara also presented other oppor-
funities to improve storage capacity. Unil
2 few vears ago, a drive had a fixed num-
ber of sectors per track. This can waste
space, because the sectors on the outer-
mostracks will be langer than those near
the platter’s center. However, by using
zone-bit recording (ZBR), a sector approx-
imately the same size as those placed on
the innermost tracks can also be used on
the outer rracks. Adjacent tracks using the
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same-size sector are then organized into
groups called zones. Because the outer
tracks hold progressively more sectors,
this tighter packing can increase the plat-
ter’s storage capacity by 30 percent.

As advanrageous as ZBR was, it had
longbeen limited to dedicated servo drives,
because the number of servo locarions
berween dara sectors also changed from
theinnerzones o the outer ones. Asmen-
tioned earlier, this was a major disadvan-
tage for low-profile drives, since the addi-
tional capaciry obtained via ZBR would
belost by the use of one plarter surface to
hold the dedicared servo information.

Hetzler’s method of placing the ser-
vo informartion within dara sectors let
the 30 percent capacity advantage of ZBR
be combined with the benefits of embed-
ded servo, as shown in the figure “A Bet-
ter Drive Format”on page 80NA 2. Drive
performance also improved, since the num-
ber of servo locations was no longer lim-
ited by the number of dara sectors.

“We achieved a result where the drive
designers could now bring the capacity
advanrtage of ZBR to low-profile drives,
which would mostbenefit fromic,” Hertz-
ler says. “We also set the stage for the
demise of dedicated servo by closing the
performance gap.” Thisapproachis now
usad in hard drives almost universally.

Better Machine Vision

Processing visual informarion requires a
third of the human brain. This comes as
no surprise to researchers of machine vi-
sion: It’s a formidable task to ger a com-
purer to recognize and match objects.

Dan Huttenlocher, a principal scien-
tist at Xerox’s Palo Alro Research Cen-
ter (PARC) and an associate professor at
Cornell University, has been looking into
ways to accomplish pracrical image com-
parison in computers for years. One of the
fundamental machine-vision problems he
tackled was getting compurers to isolate
and recognize an object on a clurtered
background, such as a gear on a convey-
or belt lirrered with other parts.

The problem boils down to extracting
content from image dara. However, look-
ing atseparate bitsisn’tenough. You have
to use an image’s bit parrerns to derive
informarion about objects in the image.

One commonly used technique relies
on eigenspace analysis to compare im-
ages. This technique uses marrix algebra
to represent the components of an image.
These marrix operations can also perform
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A hunch led a Xerox PARC researcher to the Hausdorff-distance
technique, which adapts itself for object tracking (inset).

rapid comparisons berween data arrays
(i.e., other images). The technique is suf-
ficiently refined so that a photo of a rob-
bery suspect obtained from asurveillance-
camera image can quickly march 2 police
database of digitized mug shots. How-
ever, the cigenspace technique isn'rsound
when you use partial images, such as when
asuspect’s face is partially hidden—or, in
the case of machine vision, when a sprock-
et partially covers a vital gear.
Hurrenlocher had a hunch thara geo-
metric solution to the problem was pos-
sible. “I have these hunches to pursue 2
subject for no logical reason. Somerimes
thev’re accurate, and other times they're
not,” he explains. To see if his intuition
was onto something, Hurtenlocher’s next
step was to immerse himself in the sub-
ject. “I took geometry books our of the
universiry library and skimmed through
them. From the condition of some of
those books. I could tell that they hadn’t
been opened for decades,” he recalls.
Hutenlocher evenrally came across
a concept called the Hausdorff distance.
This mathematical rechnique compares
point sets in topology. “Once I under-
stood the theory, then the image-recog-
nition capabilities fell our,” he says. The
original Hausdorff-disrance equarions
were not very tolerant of missing dara, but
Hutzenlocher modified them so that they
worked with medizn values rather than
maximum and minimum values. These
modified equations are effective enough
that they can produce beneficial results
even when some data points are missing.
Using the Hausdorff-distance tech-
nique first requires reducing images to
black and white to obrain edge informa-

tion. The algorithm uses thisinformation
to derermine how closely the images
match bv measuring how close cerrain
groups of pixels in one image are to sim-
ilar groups of pixels in a second image.

This differs from other pattern-match-
ing algorithms that compare how many
pixels directly overlap. With these algo-
richms, parrial images can thwart the
marching process. The enhanced Haus-
dorff-distance measurement, because it
works with pixel groups, can employ
partial images and still obtain a match.
Furthermore. successive images can actas
the starting point for new image compar-
isons aslong as the object’sshape does not
change drastically (see the illustrations
above). This makes the Hausdorff-dis-
tance measure ideal for such applications
as remote surveillance and visually guid-
ed navigarion.

The Low-Cost Camera

Connectix's low-cost digital gray-scale
camera. the QuickCam, was the result
of the achievement of a simple goal. Scott
Fought, a Connectix software lead and
video maven, wanted a low-cost video
digirizer. “Atthe time, you had ro pay over
$1000 for such equipment,” he recalls.
“However, I'm of the opinion that if you
can’t buy it, then you build ic.” This idez
ultimarely gor Connectix, known for it
sofrware utilities, into the hardware-pe-
ripheral business.

To make the device as inexpensive a
possible, the engineers discarded manj
preconceptions about digitizing video. Ac
cording to Jon Garber, Connecrix’schie
technical officer: “A typical digitizing ri
consists of a video camera and an expan



board. The

coupled device [CCD] t
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ar 30 frames per second.
tronics converts this dtgi.
analog NTSC signal. The
then converts this ar'(.l
into digital birs. That'scrazy—

signal DAck
and expen-
sive. Why not try to keep the signal in a

digital format?”

With thatrrealizanon, Connectix’sen-
gineers reduced the QuickCam hardware
to a CCD array, an inexpensive A/D con-
verrer (since the CCD’s ourput wasan ana-
logsignal), and supportlogic. Garber and
Fought agreed on a frame size. and chis
determined the type of CCD to use. The
frame rate became simply a factor of the
device interface’s transfer rate (serial for
the Mac, parallel for PCs).

The design was further simplified
when the two discovered thart the power
demand of the QuickCam’s hardware was
small enough thar they could eliminate
the power supply. Instead. the periodic
command pulses that order the camera
to rerurn image data power the device
(see the figure “Information Is Power”
at right). Since the command pulses are
part of a handshake prorocol, they occur
often enough to keep the camera running.

ccording ro Fought, they prototy DM‘
the mmal design by writing a hardware
simulation, which explored the feasibil-
itv of the design and also let Fought pro-
totype the device driver. Whenareal hard-
ware prototype was ready, Fought used
this same driver to talk to the hardware.
Once the compurer and the camera began
communicating properly, he enhanced
the driver to add the data-streaming capa-
bilities thata live digital video feed would
require. “You have tostartsmall and then
build on top of these core building blocks,”
he explains.

Communication and negotiation were
essential in the design of the QuickCam
and of its successor, the Color QuickCam.
For example, in the Color QuickCam,
the CCD array presents the RGB darainan
odd order. After some debate, Garberand
Foughr decided that the hardware had
enough spare cycles to handle the re-
quired byte-swapping. This spared the
sofrware driver of this task, which im-
proved its performance. On the other
hand, ro ger a sufficiently sensitive blue
signal out of the CCD, Garber had to boost
its gain. This fix in turn distorted the red
signal. Afrer some dickering and tests
was decided that the driver could perform
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Information Is Power
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Close communication between hardware and software engineers was

key in the development of QuickCam, a low-cost video camera.

the color restoration on the fly with a min-
imal impact on the frame rate.
Fostering Innovation

These succe ome common
characteristics. First, cross

sses all share

lisciplinary
expertise can be an asset. You're more like-
ly o trv new ideas when you're not so
close o the rechnology. and thus unawars
of its alleged limirs.
Second, success takes perseverance. As
both Hutten ocher’sand Selker’s experi-
ences show, vou might have to worry at
anideaforalongtime. Oryou mighthave
to champion the idea, goingso far asto cre-
are 2 working model if possible. In some

cases, writing a simularion can help nail
down some of the design issues and help
make your case.

Third, communicarion can be essen-
rial. It might be as simple as asoftware en-

gineer talking to a hardware engine
in the case of the QuickCam.
Finally. 2 good-spirited workplace ':
must, Garber sums up the situation bes
“Innovasion on demand justisn’t possi 73.
You've got to majke the environment—




