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3 - FOOT NOTES

“Ken, why are you standing on the desk?” Joan said, 
laughing at her husband as she entered the home office 
finding him in a most unusual position. “And why is 
your foot on the printer?”

Ken’s  left foot was on his desk,  right foot on the glass 
of the printer’s  built-in scanner, left hand gripping the 
back of the chair,  and right index finger reaching for 
the scan button on the four-in-one device. The reclining 
office chair was wobbling back and forth.

“How em... embarrassing.” He thought, trying to 
keep from falling. “I had a feeling she might walk in at 
the wrong time.”

“Well,  you’ve seen me do stranger things  than this.” 
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Ken shifted his  weight. “It was  part of the deal when 
you married an engineer.”

Ken didn’t look up, but imagined his  wife smiling at 
his little joke. The scanner hummed as the light sensor 
moved slowly across  the scanner under the glass 
supporting his foot. “If I could just hold steady for a few 
more seconds,” he thought raising his chin slowly to 
look across the room.

Joan stood with eyebrows  raised and hands  on hips. 
“Well?” She repeated.

“We’ve got to find a better way of scanning the 
foot.”

”Who does?”
“Scanner companies charge too much and won’t tell 

us how to connect our computers to their scanners.”
The chair began to roll away from the desk. Joan 

leaped forward and caught it keeping her husband from 
breaking his foot instead of  scanning it.

“You’re gonna need a different kind of scan if you’re 
not careful.”

Ken slowly lifted his foot from the scanner and 
placed it on the desk. Then he stepped onto the chair, 
then onto the floor never taking his  eyes  off the 
computer screen. He grabbed the mouse,  kicked his 
shoe out of the way, sat in the chair,  and leaned 
forward.

Joan,  proud of her husband’s engineering passion, 
stepped up behind him, kissed him on the top of his 
head,  glanced at the screen and whispered,  “I recognize 
that foot.”
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Figure - Desktop Scanner Bare Foot Image

He did not respond. 
She leaned to one side so she could see his face. His 

eyes were fixed on the screen. She politely left the room.
Just five minutes earlier,  Ken was sitting at his desk, 

sketching in his  engineering log book,  reviewing 
websites on commercial 3D scanners. “There has  got to 
be a better way.” He had thought. “We’ve tried other 
scanning methods available on the market and it’s  just 
not getting us  anywhere. They are too expensive for our 
application and the manufacturers are too restrictive in 
how we use their scanners. There has got to be a way to 
capture the shape of  the foot in a simple manner.”

Ken had been thinking of various  devices already on 
the market that capture images. “I wonder if I can use 
an existing device, something that is cheap, made in the 
millions  and could accomplish the task.” At that 
moment, he had leaned back in his chair and looked 
around the room. “What about a desk top scanner?
There’s one in almost every office, in every home for 
that matter.” That’s when, almost without thinking, he 
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had pushed back his chair and stepped onto the desk.
Ken was working with an engineering team and 

entrepreneur on a project to make custom arch 
supports, or orthotics,  in a matter of minutes, a process 
that at that time took weeks for the patient or customer 
to receive their custom insole. The full extent of the 
project was to create a quick way to scan the shape of 
the foot—the bottom of the foot to be more specific—
make some prescriptive shape adjustments as  prescribed 
by the foot doctor, then recreate the shape quickly in a 
plastic or composite orthotic or arch support. Ken was 
specifically working on the method to obtain the shape 
from the patient’s foot. Other team members were 
working on the fabrication of the orthotic, a story for 
another time. (See Engineering Story: Quick Step)

“We’ve got 60 minute eye-wear,  30 minute photo 
finishing, why not 30 minute orthotics?” Ken rubbed his 
chin and stared at the image in front of him. “Is there 
some way to extract geometry from this  image,  exact 
skin distance from the scanner surface? The foot image 
is in focus anywhere the skin touches  the glass,  and  
progressively less  focused along the sides  of the foot 
where the skin doesn’t touch the glass. Now there’s 
something. Perhaps a software algorithm could be 
written to presume a z-value1 or height as a function of 
the degree of focus. The greater the focus, the closer the 
skin is  to the glass.” He placed his left hand on the 
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scanner and pressed the scan button. “I need another 
example.”

After numerous attempts, Ken concluded that this 
method lacked precision.

“Suppose I illuminated the foot, different light 
intensities or colors  at different elevations. The resulting 
scanned image would look like a topographical map, 
each color representing an elevation.” This thought also 
had merit,  but after 20 minutes  and a few sketches, He 
turned the page and moved on.

Figure - Weather Stripping, Cloth and Foam Rubber

“What if I lay some kind of compliant or squishy 
sheet of material on the glass that has bumps  or stripes, 
then as  I push down with my foot,  the bumps or stripes 
will squish and elongate different amounts depending 
on the foot pressure. Hey, that’s worth trying.”

Ken went into his garage and grabbed an old roll of 
weather stripping, the kind you put between the door 
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and the door frame to prevent air flow into or out of the 
house. “Great,  the weather stripping has self adhesive 
on the back. I’ll cut a dozen pieces a little longer than 
the length of my foot and stick them side by side on a 
piece of cloth. Still, this is only going to capture parts  of 
my foot that are within a half inch or so of the glass,  the 
higher parts of  my foot won’t make an impression.”

He noticed a piece of 1 inch thick foam rubber pad, 
still dirty from the last camping trip. “I’ll add this 
between my foot and the weather stripping to diffuse 
the image and capture more depth.”

Figure - Scanner Image of  Foot Impression on Rows 
of  Compressed Weather Stripping

Within thirty minutes,  Ken was once again standing 
on his desk with his  foot on the scanner, separated by 
weather stripping, cloth,  and an inch of foam rubber. 
“Well,  at least it feels nice.” He carefully reached down 
and pressed the scan button.

The image was impressive,  so he spent the rest of the 
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afternoon trying to figure out the mathematics  of 
extracting z-values  from the rows of black and white 
stripes which varied in width along the image.

While working on the math,  other variations came to 
mind so he sketched them in the log, including the idea 
of a layer of round elastomeric beads, like a layer of 
rubber marbles,  that would enlarge in diameter under 
pressure. He experimented with the idea of velcro 
hooks deflecting under pressure,  and a couple of rubber 
door mats purchased at the home improvement store.

“None of these seem very practical.” Ken wiped 
sweat from his forehead. “If we have to concede to an 
existing scanner company, how am I gonna face my 
team and our partner?” Even though the compressed 
weather stripping had possibilities, he was not 
enthusiastic. “We certainly can’t have patients standing 
on home grade scanners. We would have to build one 
with thick strong glass. Can you imagine the 
conversation at the doctor’s office? ‘Thank you, I’ve 
scanned your insurance card, now would you please 
step up on the scanner so we can get your foot?’ 
Besides,  this isn’t really the shape we want anyway. 
When a person is standing, their foot is compressed,  the 
arch is  partially collapsed. Our podiatrist2  consultant 
said we need a way to capture the foot shape when only 
part of the patient’s weight is on the foot, when the arch 
is still prominent.”

Ken took a break for dinner but he didn’t say much 
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to Joan. While eating peas she watched from the corner 
of her eye as  he was  carefully compressing one or two 
peas with his spoon. “What are the mechanical 
properties of  peas?” he thought.

“What about a digital camera? Everyone has one. 
Can I take a picture of the bottom of my foot and 
extract the shape information somehow?” Reaching for 
his cell phone camera, he thought for a moment, then 
put it down. “What good will that do? It’s  about the 
same as a scanner,  just quicker, with greater depth of 
focus.”

Ken finally stopped playing with his food and ate it. 
“I wonder how the other team is  doing.” He 

reflected for a few minutes on the rest of the project 
where the team was fabricating an orthotic on a pin 
mold. “I’ll be right back.” Ken said to Joan as he left the 
kitchen. He happened to have a piece of a pin mold 
prototype, one of the top or bottom guide plates with a 
large number of  holes in it.

Returning to dinner,  he examined the plate turning 
it over, rotating it to different angles. As he did so, 
occasionally light from the dining room chandelier 
would shine through,  casting spots on the table. “What 
if I use this  plate and a light source to cast an image of 
white spots on the bottom of the foot,  take a picture 
and then use the spots to determine relative height all 
over the foot. This would be a relaxed foot image, but 
that’s probably better than a weighted foot image.”

“Joan, I need something round,  like a ball, that I can 
shine spots on for an experiment.”
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“How about a cereal bowl, or a mixing bowl?”
“Yah, that would work. Let’s try a small mixing 

bowl.”
Ken had some past experience working with light 

and optics,  so he found a lens from an old telescope, 
and a light source. He held the image plate near a bowl; 
(Joan allowed these kind of things  if he promised to be 
careful). Then he shined the light through the guide 
plate. The white spots on the bowl were blurry because 
the light source was too large in diameter and too close 
to the plate. “I would need more of a spot light source to 
make crisp round images on the foot.”

Ken tried flashlights with and without the reflector 
mirror, and small lights like LEDs,  but they were not 
bright enough to get a good image with his camera. 

Figure - White Spots on Bowl Cast by Light 
Through Pin Mold Plate

“What about the sun?” He looked out the window. 
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“It’s  bright, located at essentially infinity, and almost a 
point source.” Ken placed his  camera on the guide 
plate, then the bowl upside down over the camera, and 
carried them out to the back patio to try the 
experiment. With the bowl on the table, the guide plate 
held in position with his  left hand, and the camera in his 
right,  he took several pictures of sun spots on the bowl, 
examining each one on the camera screen. This 
approach turned out to be the best by far,  but after 
awhile,  unable to determine how to produce a large 
number of crisp spots without the sun, he gave up on 
the spot image idea.

During the next team meeting, the memory of 
blurred spots  on the bowl was still sharp in Ken’s mind. 
He did not participate in the discussion but sat thinking. 
“The team’s orthotic-forming device is essentially a ‘bed 
of nails’,  a matrix of steel pins held in place by friction 
between two guide plates. For forming,  each pin is 
pushed into place by a machine, creating the overall 
foot shape.”

He grabbed a complete pin mold and pushed pins 
back and forth, repeatedly with his fingers.

“What if I reverse the process.” he thought. “And use 
a foot,  an actual foot to push the pins,  then somehow 
measure the position of each pin and capture this 
information in the computer?”

Ken took his  shoe off,  crossed his right leg over his 
left,  and pressed the pin mold against the bottom of his 
right foot. Either his  behavior or the smell drew the 
attention of his  team mates, but they went on with their 
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meeting. With some wiggling,  feeling the pins  work their 
way between his  toes, the pins slowly moved. Before 
long, the pin mold reflected the shape of his  foot. “Nice 
massage,” he thought.

Figure - Small Matrix of  Dowel Pins with White 
Painted Tips

“Now, how am I going to measure the position of 
each pin, quickly?”

He asked one of his team mates if there was  a pin 
mold he could borrow for experimentation and received 
a small prototype. It only had 48 pins, but it would 
allow him to think through some possibilities.

Back at his home office,  Ken played with the little 
mold,  by pressing various  objects against the pins and 
considering how the shape could be digitally extracted.

FOOT NOTES

11



“If I take a photograph from the side,” he thought. 
“I will only be able to see the first row, and perhaps a 
few other pins  that are extending higher than the first 
row. So that won’t work. If I take a photograph from 
directly above, I really won’t be able to see how high 
each pin is standing.”

He rotated the pin mold with his fingers to various 
angles.

“Suppose I take a picture of the mold at an angle 
between a front view and a top view, such that I can see 
the tip of every pin? Can I use this image to get the z-
values?”

He sketched the small pin mold and placed 
coordinate axes  x, y, and z on the illustration. He 
recalled from a math class  something named the 
parametric line formula. “I think it was linear algebra.“ 
Ken went to a shelf in his closet where he kept a few old 
textbooks, but it wasn’t there,  so he searched online for 
the basic description of the parametric line formula. 
“These online math sites  are great. I didn’t have to 
memorize everything I learned in school. I just need to 
know the terminology so I can find it on a trustworthy 
site.” 

He also remembered from a class in image 
processing software that, whether viewing a straight line 
directly off to the side (orthogonally), or at some 
arbitrary angle, it  still appears to the viewer as a straight 
line! “If I use the fact that each pin has  a known, 
unchanging X and Y value, and that the only thing 
changing in the image is the Z value, and it only takes 
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two points  in space to define a line, I can use the spot, 
the end of each pin,  to determine where each pin is 
located along it’s pre-defined line in space.” 

He grabbed his digital camera and took several 
images  of the pin mold from different angles. 
Unfortunately the pin tips didn’t show up very well in 
the pictures. Undaunted, Ken went on searching and 
solving one problem after another.

“What can I do to increase the contrast between the 
dowel pin tips, and the rest of  the image?”

He went into the garage and surveyed cans  of house 
paint with hardened drippings down the sides, grabbed 
the closest screw driver,  opened a can and poured a 
small puddle of latex eggshell white on a piece of 
plywood and then carefully dipped the tips of all 48 
pins. “Now the ends will show up much brighter than 
the sides... I hope.”

Staring at the painted tips didn’t make them dry 
faster,  but the image of rows and columns of perfectly 
aligned white dots  was etched into his  mind. After the 
paint dried,  he took a few more digital images and was 
satisfied with the paint job.

Back at his  desk, thinking through the process,  he 
realized the solution. “All I need is  two reference points 
P1 and P2, two known Z values  for each pin. I can get 
that by taking two reference pictures, one when all the 
pins  are retracted or lowered,  and another when all the 
pins  are fully extended or at their highest position, 
making sure the pin mold and the camera stay in the 
same place for all the pictures. Using these two digital 
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images,  the line in space of each pin will be known. 
Then, I can shape the mold like a foot, take a third 
picture, measure the relative distance t, from one of the 
reference pins,  multiply by the total distance between 
the reference pins,  and there is the Z value for that pin. 
Cool!”

Ken used a tennis  ball to test his  theory. He created a 
way to hold the pin mold body steady and fixed relative 
to the camera for all three images. That was the easy 
part. The hard part was processing the bitmap image 
file, extracting the white pixels from among the black.

He had written software before, but felt challenged. 
To make it as foolproof as possible, adjustments were 
made to image brightness,  contrast, and other 
parameters.

Figure - Inverted Images of  Small Pin Mold at 
Retracted, Spherical, and Extended Pin Positions

To test his  method,  Ken plotted the image of the 
pins  ,  then mathematically analyzed the image to obtain 
the ball diameter. “It worked. The virtual ball is the 
same diameter as the actual tennis ball.”

Excited, he then generalized the approach for a 
larger mold, a device as large as his foot.
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“The lower the camera angle, the more accurate the 
z-value will be.” He surmised. “But if the camera angle 
gets too small,  then I won’t be able to see over the 
horizon (or under the horizon if you prefer) and get the 
details on the far side of  the foot.”

This  didn’t puzzle him too long. “What about two 
images of the same foot, one from each side?” Two 
cameras  would capture the image as fast as one camera, 
he thought. “Wait,  what about mirrors to split one 
image and capture both angles with one picture?”

Ideas came fast—too fast to remember them all. Ken 
sketched everything he thought (except for the peas at 
dinner),  knowing finally he was  on a solid path to 
victory. Like rolling the perfect ball at the bowling alley, 
halfway down the lane you just know it will be a strike. 
As one drawing evolved into another, he converged on 
the final solution: an inexpensive webcam (camera)  that 
faced down toward two angled mirrors that split the 
image back upward toward two vertical mirrors. The 
two vertical mirrors were drawn mounted parallel to the 
walls  of a box all about twice the size of a shoe box. 
The pin mold was mounted in the top of the box with 
the white painted pin tips  pointing down. “As the 
patient steps  on the pins, a negative impression will be 
made on the top of the pins with an almost exact 
replica of the foot on the white painted tips  on the 
bottom.”

He got on the phone immediately and described the 
box to another team member. Within two days,  the 
prototype box was built and ready for mirror, lights,  and 
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camera installation. While waiting, he had to figure out 
how to illuminate the white pins inside the dark box so 
that the only thing on the picture would be white spots 
with no stray light. He tried a string of Christmas lights
—the little ones  the size of birthday candles. Then he 
took his  traditional tour of the hardware store looking 
for ideas and found decorative light strips  that would do 
the job.

He also obtained a full size pin mold from the team 
and carefully dipped the entire set of pins  in a thin 
puddle of paint to create hundreds of white tips. It was 
a challenge to mount everything in the box, keeping 
mirror angles just right,  camera firmly fixed,  and lights 
mounted to optimize pin tip illumination while 
minimizing optical noise. The first images were less 
than perfect, but demonstrated promise.

“How can I get rid of all these random spots 
cluttering the picture?” he thought.

Ken removed all the components from the box and 
spray painted the entire inside flat black, as  well as  any 
other items he didn’t want to show up in the picture. By 
the next day, “Wow! Great images.”

He then began work on the software algorithm to 
extract the z-value of each pin,  thinking again through 
the process  in great detail. “The first step is  to find the 
first pin of the first row. Then I’ll move inward toward 
the center of the foot to find the next spot in the row 
and just keep repeating this  process  until I reach the 
center of the foot. I can extract the data for the whole 
foot if  I do this for each row and each side of  the foot.”
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Figure - Pin Mold Scanning Box Images Showing 
Foot Shaped Pin State

After defining a basic algorithm, Ken and the team 
met with a software expert to complete the task. Shortly 
thereafter, the team was  producing frequent graphic 
images of foot impressions  made on the pin mold 
scanner.

More prototypes were made, and after weeks of 
iterations  on the concept,  the team had a stable, 
repeatable process for capturing foot shapes  (their own 
feet) from impressions in the pin mold. Even the 
entrepreneurs stepped in for a scan. The final solution 
had the added benefit that the pin mold used for 
receiving impressions of a patients foot was nearly 
identical to the mold used to fabricate orthotics (less the 
paint). All components, except the custom black painted 
box,  were commercial off-the-shelf items totaling less 
than a couple hundred dollars. The goal of creating a 
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foot scanner that was inexpensive and easy to interface 
with the rest of  the orthotic machine was achieved.

Figure - Patent Application Illustration of  Pin Mold 
Imaging System [Ref: Patent US20090273109]

One night, under much less  pressure,  Ken was back 
at his home office feeling creative again with the 
original prototype. “I wonder what would happen if I 
use this thing on my face?” he thought. 

“Hey Joan, look!”
“Wow, can I give it a try?”
Joan put her head in about the place where the pin 

mold would go while Ken clicked the capture button on 
the webcam software.

“Let me guess.” Joan said. “You’re now thinking of 
using this thing to make statues.”
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Mentor Discussion and Exercises

The dialog,  conversation and thoughts  in this story 
are fictionalized, but the results  are real,  and the 
inventive progression is  very typical of most design 
projects experienced by the author. In most cases  the 
project starts with a need or problem, in this case the 
absence of an economical and easy to interface foot 
scanner. The team did the right thing looking for 
existing scanner solutions that could be used to capture 
foot geometry or shape data. 

1. What was  wrong with the existing foot scanners  on 
the market? Why wouldn’t one of  them work?

2. Faced with the need to develop a scanner from 
scratch,  how did Ken start? What criteria did he 
use? 

He looked at existing, low cost methods  for image 
capture and began considering ways to obtain shape 
data from them. 

3. What would you have done differently? Can you 
think of several ways to obtain foot shape data that 
Ken did not think of ?

4. What did Ken use to expand his  options? Where 
was  he,  and what was he doing when new ideas 
came? 

5. How did every day objects play a role? Where 
would you go to see how things are done? 
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We call this benchmarking.3

6. What role did others  play in Ken’s  work? Who did 
he interact with? Did this  help or hinder the creative 
process?

7. What skills did Ken need or use in this project?
8. He had the ability to sketch his ideas; was this 

helpful?
9. He used mathematical models. In what way was this 

useful?

Engineering is a great adventure where we are faced 
with real world challenges and the opportunity and skill 
to find solutions. There is  great satisfaction in climbing 
these mountains  of opportunity, struggling, learning, 
achieving and making the world a better place. The 
challenges are endless, and the satisfaction is great.
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SYNOPSIS OF EACH STORY

In Get a Grip, a young engineer is  astonished to be 
assigned to an experienced team responsible for developing 
critical automation in the manufacture of smart phones. She 
travels  with the team on a foreign customer visit, participates 
in creative concept generation, and helps  the team through 
difficult setbacks and technical problems.

In The Orbital Mechanic, a solar flare knocks  a space 
probe off course endangering a costly mission. A simple  
solution comes  just in time from an unlikely source to save 
the spacecraft. In this  story, learn how engineers  use science, 
math and physics  to get spaceships  from Earth out to distant 
planets and beyond.

In Foot Notes, an engineer is  faced with the daunting 
task of inventing a cost effective foot scanner in a short 
amount of time, driven to search for and consider possible 
solutions, taking clues from the near and far, the past and 
present, the people and objects  all around. After much effort, 
old impractical perceptions  are pushed aside by new 
achievable techniques.

In Quick Step, an engineering team is  required to create 
a way to make customer arch supports  (orthotics) in 30 
minutes. They face hurdle after hurdle as  they try to find an 
answer to a fundamental friction problem. In the end, after 
much frustration, determination and creativity, they stumble 
onto a completely different yet very elegant approach.

In Cutting Edge, a student engineering team wins a bid 
to develop an automated synthetic diamond cleaning 
(blasting) machine. They familiarize and immerse themselves 
in customer needs, write specifications, research similar 
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equipment, brainstorm solutions  and evaluate their options. 
They experience the pain of unforeseen problems  and the 
thrill of success  looking externally and internally to find 
answers to complex questions.

In Speed Reader, two engineers  have been working 
hard for weeks  to prepare for and demonstrate the capability 
of their design. On the Friday of their last week of testing, 
the customer is  not fully satisfied, launching the engineers 
into a last minute creative mode to find a quick and reliable 
solution, and to save their weekend plans.

In The Ribbon Cutting, three engineers  work to create 
a complex system, a cutting machine with a blade that 
automatically morphs  into shapes  needed for unique 
products. Ideas  and solutions  are found all around them, in 
their hobbies, in other machines, in books  and online. Their 
specific talents  unite as  they help each other move their 
company forward. 

Use the following key words to search for additional 
Engineering Stories.

“Hardman” AND “Engineering Stories”
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