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  Foreword

  by Louis Zamperini

  Louis Zamperini, a 1936 Olympian and WWII U.S. Army Air Corps bombardier, survived forty-seven days at sea in an open raft and two years of torture as a prisoner of war. He was an inspirational speaker on life skills and forgiveness and coauthor, with David Rensin, of Devil at My Heels. The major Hollywood film Unbroken, directed by Angelina Jolie and based on the bestselling book by Lauren Hillenbrand, depicts the events of his life. During his ordeals, “Lucky Louie” invented in order to survive.

  I FIRST CROSSED PATHS WITH DR. ROB YONOVER IN 1998. He’d been watching a television broadcast of the Winter Olympics, which were held in Nagano, Japan, and had seen me carrying the Olympic torch through a city in which I’d once spent miserable years as a prisoner of war. After listening to a CBS interview with me about my experiences of survival at sea, he located my telephone number and called me.

  “I saw your interview and heard your story of survival—it was awesome,” Rob said. “I’m an inventor from Hawaii. You know when you were on a life raft lost at sea and they flew over you? I’ve invented a long orange streamer that would have given you a tail so they could see you.”

  To me, that sounded pretty good! “Where were you fifty years ago?” I replied. Rob’s inventions would have been a great addition to that life raft bobbing unseen for forty-seven days in the middle of the Pacific Ocean. I’ve got to say that the strongest emotion in human experience is going down in a plane, knowing you’re going to die. A close second is when you’re adrift in the open ocean and the rescue planes fly right over you and don’t spot you!

  Inventing is close to my heart. Even as a rebellious kid I was pretty inventive, though perhaps not in the best ways. My hook-and-toilet-paper invention to obtain coins from pay-phone slots worked well, and my “slightly used” tobacco made from unraveled cigarette butts and sold in Prince Albert tins was quite popular with unsuspecting pipe smokers! My milk bottle, coated white inside to create the appearance of milk, but actually containing beer, was a definite success with underage drinkers.

  As a U.S. Army Air Corps bombardier during WWII, I needed a few inventing miracles when my plane ditched over the Pacific Ocean and I drifted, with two other survivors, 2,000 miles over the course of forty-seven days on a raft. When we eventually found a perfect tropical island, unfortunately occupied by the Japanese enemy, the other prisoners of war and I constantly relied on our inventive minds to survive torture and humiliation.

  The RescueStreamer would have really helped me in 1943, as would Rob’s DeSalinator for making drinking water. The life raft that my two air force buddies and I called home for forty-seven terrible days was woefully inadequate for survival. It lacked the basic necessities of a fishing kit and knife, the designers having strangely elected to give survivors at sea a pair of pliers instead! We improvised by using the pliers to fashion sawlike teeth on one corner of our chromed-brass mirror. Though sharp enough, this “knife” took ten minutes to saw through a shark’s tough belly. Hungry men become quite ingenious. We used an empty flare cartridge as “bait.” Once a shark had latched on to the cartridge, it instinctively wouldn’t let go, and would become part of our food chain instead of vice versa. The shark’s liver made a luscious, gooey meal.

  One of the things that kept us going at sea was inventing fantasy meals. I’d invent a menu and describe the cooking process that I’d learned by observing my Italian mother at work in the kitchen. My starving companions would want every detail. If I omitted a detail, they’d pounce. “You forgot to grease the skillet!” or “What about the butter? Don’t you need butter in gravy?”

  After drifting 2,000 miles, our small life raft and its starving occupants eventually reached the shores of enemy-occupied Kwajalein Island. I weighed sixty-seven pounds. In the prisoner-of-war camp there was little food for the prisoners, many of whom looked like skeletons. We invented as many ways as we could to pilfer food. I admired the creativity of the Scots who worked at the enemy’s warehouse. They specialized in smuggling sugar. They’d tie off their pant cuffs and fill the legs. Or they’d ask for bigger work boots so they could fill the boots with goodies.

  Their most creative inventing took the form of excessive tea drinking. The Scots, to further the war effort, would drink tea all day and then take turns peeing on the enemy’s rice so by the time it reached its destination it was spoiled. They took great delight in peeing on the cans of oysters addressed to the German chancellor!

  I like the basic concept Rob expresses in Hardcore Inventing: Often what you need is already out there in the natural world, plain enough to see for anyone who is paying attention. Nature has always been an abundant source of inspiration to me.

  Often the inventing process involves using existing things to create new ones. When I was a troubled youth, I learned to run fast by speeding away from the police. My brother, Pete, found a creative way to use that running skill—he introduced me to track, and this saved me from a life that was going nowhere fast. I became a runner and an Olympic athlete.

  Today, I am a grateful survivor: I was forced to invent in order to survive. Rob’s inventions for survival at sea were fifty years too late for me, but will help save the lives of others. Perhaps if survivors in life rafts are equipped with his inventions, they’ll have more time to work on their fantasy dinner menus!

  I hope this book helps all inventors succeed in finding and working on something they are passionate about and bringing the gift of their invention to the rest of the world.


  Introduction

  by Dr. Rob Yonover

  GREETINGS, FELLOW INVENTORS AND CREATORS! A LOT has happened in the inventing world since the first edition of Hardcore Inventing debuted in 2009. First of all, I realized that “inventing” is an incredibly broad term. The principles in Hardcore Inventing apply to all aspects of creativity. Inventing, starting a new business, lifestyle changes, art, crafts, nutrition programs, exercise, and anything else that requires harnessing your mind to attack and solve problems is well served by the IP3 Method—Invent, Protect, Promote, and Profit—that forms the core of hardcore inventing.

  My mantra remains “never quit your day job so you can quit your day job.” Don’t count on your creation paying the bills, especially right away. And even if things are going well, money brings in the sharks.

  Recently, I personally had an experience of this when my inflatable paddleboard invention took off wildly in the Stand Up Paddleboard (SUP) market. Numerous companies started making inflatable SUPs and thus needed to sign up for a license and pay royalties to me, the patent holder, to obtain rights to use the patented technology.

  As you might have guessed, large companies are not too happy with paying some hardcore inventor for the rights to a product they are selling with their names on it. Fortunately, I’d followed the roles in the book and protected my invention with a solid patent. To enforce it, I teamed up with a brilliant group of patent enforcement attorneys who have helped me vigorously defend my patent rights as an individual. In fact, the U.S. Patent Office has now acknowledged once again the uniqueness of my invention during a patent reexamination procedure, introduced by the companies that didn’t want to see my patent rights exist. With minor modifications to the claims, my patent was upheld and even strengthened by successfully surviving the patent reexamination challenge!

  While it’s more important than ever to protect your invention, in the field of patents there is a major change that inventors need to pay close attention to. The recent major patent law change awards the inventor that is “first to file” with the spoils. This means that if you lose the race to the patent office, you have likely lost the ability to secure a patent. The old standard was “first to invent;” however, that is no longer true, and you are legally out of luck if you are not the “first to file” the patent application. My advice to inventors is now very simple: keep all of your work completely secret until you file (i.e., no public disclosures or presentations of your invention) and file your application quickly.

  Unfortunately, this law change adversely affects the small inventor as the several-thousand-dollar typical cost of obtaining a patent will now be even more dominated by large companies that can afford to throw big money around. On the other hand, the inexpensive and sometimes equally effective methods of protection laid out in detail in the “Protect” section of Hardcore Inventing can also be extremely valuable in building an intellectual property portfolio around a new invention or creation (e.g., provisional patents, trademarks, trade secrets, domain names, copyrights, etc.).

  There has also been a dramatic increase in the start-up investing communities and crowd funding sites that can provide you with both exposure and potential funding. Remember to pay close attention to the strings that come with exposure and funding, i.e., grants are free, loans have to be paid back, investors get a piece of your company, and crowd funding usually entails providing various perks to the investors.

  Watch for grants from big corporations. They need inventors. Unilever has released a new set of challenges via its Open Innovation online platform. The company is asking inventors across the globe to help find technical solutions to three problems that it says will reduce the environmental impact of its more than 400 brands. One of these is for a non-artificial red color dye, hopefully to take the place of the ubiquitous Red 40.

  The Bill & Melinda Gates Foundation has been steadily offering grants to sanitation initiatives, including some focused on creating better toilets for the developing world. Caltech won the Gates Foundation’s Reinvent the Toilet Challenge (a call to create cheap, safe, and hygienic waterless toilets) with a solar-powered, self-cleaning toilet that converts urine and waste into hydrogen and fertilizer.

  The Internet and social media explosion have provided many new outlets to promote your inventions; however, it has also astronomically increased the amount of competition of getting your message out. Ironically, trade shows, the thing I love to hate (see Chapter 13), remain the best way to get immersed in the specific sector or niche that your creation falls into. You can still get valuable face time with the players involved. You can always start small and tap local media and events to get some exposure for your invention.

  Being an inventor remains one of the most rewarding things a person can do on any level, regardless of the success of your creation. You may not be granted a patent, but maybe you solve a problem that helps your business or makes your life a little better. The U.S. economy needs more people with great ideas, ones they are passionate about, to keep the U.S. job-creation machine humming. Check out the fields other inventors are working in and be inspired. The race is always on for the next product that will reign supreme. Exciting fields highlighted in the first edition of this book are constantly attracting new inventions as creative people build on what is already out there. Here are a few new inventions that may inspire you:

  Digital Technology

  MakerBot’s new Replicator 2 can print out 3-D models with precision that’s measured in micrometers. With the Replicator, you could take a 3-D model and bring it into the physical world for cents. Very useful for inventors who need prototypes; it may not be long before there’s one of these in every home for making simple items like mugs and gears or more complex things like circuit boards and prosthetics.

  Tech entrepreneurs predict big leaps in digital technology as the digital domain enters wearable technologies. Be inspired by Google’s augmented reality glasses, watch and wristband pedometers, mood sweaters, fitness bracelets, anklets, and necklaces that track calorie burning.

  Apps

  Soon our homes, our cars, and even objects in the street will interact with our smartphones. On the positive side, this represents a huge market to attack and solve problems in as an inventor or creator. On the negative side, these devices have, in my opinion, diminished the ability to discover new things personally. I still recommend going into nature or a quiet room with no electricity or devices to solve your next problem or come up with your next invention.

  As the app market is booming, that invention might be another creative new app such as Morning, a customizable app that lays out your day’s events, weather, and even traffic, or Happy Hour Pal, which finds the best place to relax after work. Travel Organizer will help build your itinerary and share it with your envious Facebook friends. Games get better and brighter and faster too. There’s lots of room for imaginative inventors here. Cameras by themselves or on smartphones are a big field as they become smaller and better and offer bonus features, such as life-logging cameras that automatically snap for you.

  Clean Energy and Green Inventions

  Thousands of individuals and companies across the globe work hard developing alternative energy solutions. There is always room for new inventions focused on energy saving and clean energy.

  Imagine a solar panel that is just a coating, as thin as a layer of paint, that takes light and converts it to electricity. From there, you can picture roof shingles with solar cells built inside. Maybe soon solar will be cheaper than burning coal. With the potential of 3-D printers becoming household objects within the next twenty years, we could very well see a future where we can print off our very own solar panels.

  Inventors in the field of green technology offer innovations of the why-didn’t-I-think-of-that variety. Examples are PepsiCo’s plastic bottles made entirely of renewable and plant-sourced raw material. The Natural Energy Laboratory of Hawaii Authority is using frigid deep ocean water for air conditioning in buildings. Inventor Peter Brewin has worked long and hard on his recirculating shower to save water. And the (Almost) Waterless Washing Machine, invented by Stephen Burkinshaw, uses one cup of water, detergent, and 44 pounds of plastic chips per load to remove and absorb dirt and even stains, thus saving both water and power. Stephen Katasaros has invented Nokero, the world’s first solar light bulb, for the 1.6 billion people worldwide without electricity. This is lifesaving when you consider that fumes from kerosene lights are equal to being exposed to forty cigarettes a day.

  Military

  New inventions are constantly being produced for the military. Why didn’t anyone think of body armor specifically designed for women before? Garnering praise is the Smart Ball, a wireless data-gathering grenade to toss into danger. Invented by an MIT student, this baseball-sized orb holds cameras that send data to mobile devices. A low-budget interesting invention is the Meshworm, a tough Dr. Who-type of monster made of wire and paper that infiltrates small spaces. What about surprising the enemy with your own little kamikaze Switchblade Drone that goes to battle in a backpack?

  Sports

  The cardboard bike is made from reinforced and recycled sheets strengthened by a honeycomb and birds’ nest design and will sell for around $30. Nike has produced light and flexible Flyknit Racers, composed of a single layer of knit thread. And people are still trying ways to fly, one of the newest being batlike suits with flapping wings.

  The world is longing for new inventions, so don’t wait too long to pitch yours. We are all born inventors and innovators, and I encourage you to keep embracing that part of your DNA. Remember, as always, to stay hardcore!

  Aloha,

  Dr. Rob Yonover


  Section 1
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  INVENT


  [image: image]

  Success Story—The RescueStreamer Technology

  Money never starts an idea. It is always the idea that starts the money.

  —Owen Laughlin

  An invention is one of those super strokes, like discovering a platinum deposit, or a gas field, or writing a novel, through which an individual . . . can transform his life overnight, and light up the sky.

  —Tom Wolfe

  THE RESCUESTREAMER, AN EMERGENCY SIGNALING device used by all branches of the U.S. military and onboard all U.S. Navy submarines, and the Self-Deploying Infra-Red Streamer (SDIRS) now being placed on fighter-jet aircraft worldwide, were my first really successful inventions. I invented the RescueStreamer technology to solve a tricky problem I hope I’ll never experience—a plane crash at sea.

  Living on the edge was a reality for me, a big-wave surfer and scientist who worked on active volcanoes in the middle of the Pacific Ocean. The edge sharpened during an interisland flight on a small airplane that began sputtering like a Volkswagen Beetle. It didn’t help my confidence that the plane was rented.

  What if the pilot had to ditch in the ocean below? As usual in precarious situations, my mind started racing with contingency plans. I knew I could get out of the cabin and swim, but the metal plane would sink quickly. Viewed from thousands of feet up in the air, the vast ocean is quite impressive. How would search and rescue parties see us? We’d be, to paraphrase marine biologist Roger Hanlon, yummy hunks of protein swimming in the ocean.

  [image: image]

  How could I somehow signal the search planes that would, hopefully, be looking for us? I brainstormed, but couldn’t solve the problem. We finally landed successfully, despite the engine noises.

  But the problem continued to rattle around in my brain until a few weeks later when I flew to Florida. As the commercial jet approached Miami International, I spotted a strange sight in the ocean below: small islands wrapped in bright-pink plastic—the artist Christo’s latest project. That was it—I needed a little piece of that pink plastic and I could solve my visibility problem in an open ocean and on land. It took years to figure out how to put the pink plastic in a form that would be compact when not in use, yet extend to create a large target and stay that way until search parties could visually locate it.

  Like all inventors, I’ve been a problem solver my whole life. My first invention, when I was about six years old, was a tiny battery-powered engine that spun a small shaft and performed automatically a bodily function boys especially are fond of (no, it’s not that). I then taped a drinking straw onto the rotating shaft and produced the first mechanized electric nose picker! Inserting the rotating straw into your nose did the job quite effectively. However, if you stuck it in too far, it made you sneeze!

  Ideas come and go in my maniacal brain, but that piece of pink plastic never left—that’s how I knew it was a winner. A swathe of this bright plastic would be the ideal shape to see from the air; however, I couldn’t figure out how to make it stay rigid and outstretched. I started looking for things in nature that remained extended. A few examples were striking—the human spine, centipedes, and palm trees. They were made up of segments, with supports at the beginning and end of each segment. I just needed to figure out how to put segments on a piece of plastic.

  The next eureka moment came while I was teaching oceanography at the Hawaii Pacific University. I was in a laboratory handing out pipettes (small, semi-rigid plastic straws for measuring liquids) when I realized that the solution to the segmentation problem was literally in my hand.

  Then it was off to my laboratory (read “patio at the back of my house”) for research and development. I built the first RescueStreamer device there while my wife yelled at me to stop playing with plastic and get a real job! Those were words she would later gladly eat.

  I built the first streamer out of white plastic, because I couldn’t get bright pink as a free sample. As my wife and some friends sailed out on our small boat to watch the sunset, I unfurled the white streamer and it started to bunch up in the waves. I thought I’d again failed to solve the deployment problem. Then, suddenly, the currents stretched the streamer and the pipettes (“struts”) caused it to straighten out like a spinning helix—the most beautiful thing I’d ever seen in the ocean!

  The next step was to make it pink. I acquired more free samples: My method was to get free samples from large manufacturers with toll-free numbers, letting them know I was working on something big that could ultimately equal big sales for them. However, I could never make those pink versions work as well as the original white version.

  In science, it is best to keep some things constant when creating new versions. I couldn’t figure out the problem and thought it was the composition of the new pink material, as the chemistry of extruded plastics can be very complicated. Another principle I learned as a scientist is to keep good notes and always catalog samples, whether volcanic rocks from the ocean floor or new versions of a device. Finally, after racking my brain, I went back to the original white streamer that I’d fortunately kept in a safe place. It turned out the problem wasn’t the plastic’s composition; it was how I attached the struts. Initially, I was either too cheap with the glue or in too much of a hurry (or both) and didn’t glue down the whole length of the strut against the plastic film. In the newer pink version, I’d taken my time and glued the whole length of the strut. That was the difference. By leaving air space between parts of the strut and the film, water was able to pass through the device without pulling it underwater. I’m glad I kept my original!

  I like to bounce ideas off people and gather as many opinions (data) as possible, prior to making a decision. I showed the streamer to a navy captain who lived across the water from me. In the original design, the streamer is stowed in a pouch that unfurls to become a hat for the survivor to prevent sunburn while he is waiting to get rescued. The hat looked a little like a pirate’s hat from a party on Fire Island. The captain liked my idea. However, his first words were “Lose the pink and lose the hat and you have something.” I took his advice, and now all RescueStreamer emergency signaling devices are international orange, the color deemed most easily visible in the ocean by the U.S. Coast Guard. And they don’t come with hats, though I still think it was a good idea.

  PROTECTING MY INVENTION

  The gut-check part of the invention game is getting a patent. Patents done right, and by that I mean by a patent attorney who can write “legal claims” that are defensible in court, are expensive, about $5,000. You can patent your invention on your own using various books on the market, but the “legal claims” are worth paying for.

  In the case of the streamer, I tried to get a patent on my own the first time, but failed miserably. I tried again a few years later using a patent attorney and with legal claims in hand. The irony of patents is this: “the simpler the idea, the broader the patent.” If you think about patenting a complex system like a computer, you can see that the next person to come along can just change a few electronic components and the device is different and distinct. In the case of the streamer patent, using struts as support bars across the length of the streamer film, regardless of the composition of the struts, provides for a very broad patent because it is such a simple design.

  In choosing a patent attorney, I chose a longstanding firm that was right across from the patent office. Proximity proved invaluable, as it is common for the patent attorney and the examiner to have face-to-face meetings as they debate how strong the patent will be.

  PROMOTING MY INVENTION

  Now I ran into that point in every inventor’s history that I call a “critical crossroads.” This is when you run into an obstacle—and I guarantee you will run into them. You have a few paths to choose from, with the easiest being quitting. I think inventors who take on a relentless persevering attitude are the ones who succeed. You will encounter people who laugh at you, make fun of you, blow you off, hang up on you—and these are just your family members! You have to drag yourself off the ground and get up and keep charging ahead.

  To keep sane, I found the best approach to keeping the financial pressure off was to keep my day job. I had many day jobs in my quest to become a profitable inventor: teacher, housepainter, environmental scientist.

  During my journey, I learned a critical lesson from my brother, who was involved in advertising and marketing: Every day editors of magazines and newspapers are sitting at their desks wondering what to write about. It takes a special type of person to pitch a story to 100 people and get rejected 99 times. In the end, you have to believe that there is one editor out there willing to write about your invention.

  Before e-mailing, there was faxing. Late at night, when phone rates were cheaper, I’d send the same fax to 100 people. Finally, I got a sports editor at the Miami Herald to write about the RescueSreamer. Once the Miami Herald article came out, I mass-faxed copies of that article to the 99 other people and alerted them to how the big guys were writing about the streamer. I repeat the process to this day and jokingly refer to myself as a “media whore.” The RescueStreamer has now been featured on CNN and the Discovery Channel, and in numerous magazines, including Outside and Playboy.

  During my “don’t quit your day job” period, I continued relentlessly self-promoting to the U.S. military, writing polite but compelling letters to the highest-ranking admirals and generals I could find. A few actually answered, leading to a U.S. Navy trial of my streamer. It passed with flying colors and I used that bit of news to again try to whip editors into a frenzy.

  As a result of the publicity, a venture capital group learned about the streamer and invited me to submit a business plan to a panel of experts that included a marketing executive and a patent attorney. I was revved up as usual for any public appearance, particularly one with major players in attendance. The panel came at me from left and right, and I was ready to defend my baby. After I aggressively defended the RescueStreamer, the session ended with applause from everyone. An attractive woman approached me and identified herself as a reporter for a major weekly business publication. The result was an article alluding to massive profits in the streamer’s future and lives to be saved from the newly approved military survival technology! Of course, I made copies and continued to fax them out to more publications.

  PROFIT: WHAT ALL INVENTIONS DO IN A PERFECT WORLD

  A few days later, a couple of local “angel” investors called me and I had what all inventors dream about—a bidding war! One group outbid the other and I had a better feeling about working with them. I essentially invented a licensing agreement that linked us together as closely as true partners without the legal risk of being true partners. (Profit sharing licensing agreement.)

  The rest is history. The RescueStreamer is now approved and used by militaries all over the world, and every U.S. Navy submarine has a RescueStreamer for each person. The new Self-Deploying Streamer (Automatic Day and Night Signaling) is approved and about to be placed under the butts of military fighter pilots all over the world! What’s even better is that the RescueStreamer technology has already saved four lives and counting (two skin divers and two military personnel in battle)! That was the intention, to contribute something of substance to this world and to help humanity in the ways of my ultimate mentor—Buckminster Fuller! Securing a licensee was only the first step toward profiting from my invention. To ensure good sales, I still had to help the licensee “sell” the streamer. I continued to leverage any and all third-party endorsements I could get, in order to secure distributors, dealers, and customers.

  I believe people are followers in general and if they see the Joneses buying something, they want one too. With numerous third-party endorsements, including some from highly respected parties like the U.S. Navy and the U.S. Air Force, expanding my customer base became increasingly easy. Another key to the success of the streamer was trade shows, because they put a little guy like me face-to-face with the power brokers. Coming from my humble abode in the middle of the Pacific Ocean, I follow a couple of rules prior to appearing in public at trade shows: Get a short haircut prior to departure, and overdress for success—when everyone is dressed in suits, we are on quasi-equal footing. Equipped with my thirty-second elevator pitch and an attitude of a polite, persevering pain in the ass, I attack targets relentlessly until I make a breakthrough. Also, I am not shy about playing one magazine against another or one customer against another—in the sense of getting the non-committed party to commit based on the actions of the other.

  The bottom line is: Learn about your customers. Go where they live, work, and shop. Talk to them and to store owners. Watch them buying similar products. The customer is always right. I learn their requirements and rework my ideas. If the customer wants a yellow streamer instead of an orange one, as did the U.S. government, I give them that; it’s all about relationships. And profiting from your inventions is a series of relationships, including those with your licensee, the patent attorney, the magazine editors, distributors, and finally the end customer. Never burn a bridge to any of them.
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  Identifying and Solving the Problem

  Discovery is almost never a single idea. Always look for new, related problems after solving the initial one.

  —George Polya, mathematician

  Don’t assume you have to be an expert or an insider to invent and innovate.

  —Maurice Kanbar, inventor and author

  INVENTIONS SOLVE PROBLEMS. MOST INVENTORS PROBLEM-solve their whole lives, constantly looking for ways to construct things more efficiently. To come up with ideas, I keep a close watch on the world around me, talk to people in fields other than mine, listen to problems, and think about how I can improve things.

  K.I.S.S. (KEEP IT SIMPLE, STUPID)

  People looking at my inventions often say, “Sorry to insult you, but that looks so simple.” To me it’s not an insult—it’s a compliment. Intricate things have more components that might fail: Batteries go flat, electronics malfunction, chemicals change or dissipate. I approach inventing in the simplest, most primitive fashion.

  USE YOUR INNER APE

  Our ancestors roamed the earth as apelike creatures, surviving through primitive instinct. My basic philosophy is to return to those natural inclinations and simplify whenever I can.

  Cavemen were the first inventors and they used whatever they had around them for materials. To survive, they had to be creative and they were. Europe’s oldest natural mummy, nicknamed Ötzi the Iceman, lived around 3300 BC. Ötzi’s well-preserved remains were discovered in 1991, buried in a glacier in Austria’s snowy Alps. His surprisingly sophisticated clothing and equipment show the creativity of primitive man. He wore a cloak of woven grass and a leather belt, leggings, a loincloth, and wide, waterproof leather snowshoes. Self-sufficient Ötzi carried a fire-starting kit with flint and pyrite, medicinal mushroom fungus with antibacterial properties, an axe with a head of smelted copper, and arrows of flint with sharp, scalloped blades.

  When I first attack a problem, I like to pretend I’m a caveman (or waterman, in my particular watery domain) and force myself to come up with a solution quickly, using only the materials at hand. The first order of business for a true primitive creature of the earth is to carefully observe his surroundings for ideas and inspirations.

  LOOK TO NATURE FOR SOLUTIONS

  You’ve probably looked around and been amazed at how the plant and animal world evolved to conquer potentially life-threatening or species-threatening obstacles. Living on an island in the middle of the Pacific Ocean has made this clear to me. Nature has answers that inspired some of the most astonishing breakthroughs in medicine, materials, and artificial intelligence. Always look to nature to see how problems are solved naturally and how things are constructed to withstand natural forces and threats. Inventions as diverse as aircraft, Velcro, and robots are examples of biomimicry—taking designs from nature. Flight is a perfect example.

  From Birds and Trout to Jumbo Jets

  For centuries, inventors who yearned to fly looked to nature and studied birds. Some early aviators actually copied birds’ feathered wings, but failed to understand the nature of flight from an engineering point of view.

  Leonardo da Vinci said, “There shall be wings! If the accomplishment be not for me, ’tis for some other.” Unfortunately, his design showing a man in a huge wooden frame trying to flap his “wings” was doomed to fail because the amount of muscle required for propulsion was too great. Ultimately, it was an English inventor, Sir George Cayley, who realized the secret of flight wasn’t to be learned from birds flapping their wings but by watching birds glide with their wings fixed.

  Cayley, often called the “Father of Modern Aerodynamics,” identified the three forces acting on the weight of any flying object as lift, drag, and thrust. Again borrowing from nature, Cayley noted that a heavy trout swimming through water provided the ideal minimum-resistance body shape for an airplane. By 1804, he had invented and was flying model gliders.

  In 1903, the Wright brothers made the first controlled, manned, powered, heavier-than-air flight. These inventors noted that when birds fly they twist the back edge of one wing upward and the back edge of the other wing downward to change direction. They incorporated nature’s manufacturing genius into the design of their flying machines.

  From Burrs to Velcro

  Many a successful invention comes from an amazingly simple premise. Ever hiked through a field and found dozens of prickly burrs attached to your jeans? Ever tried to get those suckers off? The inventor of Velcro, Georges de Mestral, noticed how tightly burrs stuck to the fur of his dog. Running to his microscope, he examined the burrs and noted tiny hooks. It occurred to him that this was a good way to join two fabrics together.

  Mestral’s idea met with resistance and even laughter. He persevered. Together with a weaver from a textile plant in France, he perfected his hook-and-loop fastener and formed Velcro Industries to manufacture his invention. Soon he was selling over sixty million yards of Velcro per year. Velcro is now a multimillion-dollar industry.

  There is still room for inventing here: Velcro makes a noise when it’s ripped apart. Modern military uniforms have lots of Velcro as fasteners, and noise is bad if you’re a sniper! Scientists today are trying to invent silent Velcro and Vermont architect Leonard Duffy seems to have succeeded.

  
    SUCCESS STORY

    The Slidingly Engaging Fastener

    After experimenting for eight years with foam, cardboard, and wood, Leonard Duffy came up with his new product, the “Slidingly Engaging Fastener.”

    Duffy earned an award at the 2007 PopSci Invention Competition, gaining needed publicity for his new version of Velcro. He also won a NASA-sponsored invention contest called “Create the Future.” Nearly 150 product designers contacted him after the clearinghouse Material ConneXion added his product to its library last year.

    Duffy is presently involved in licensing different applications of his invention. He has received e-mails from all over the world from people using one of these applications, a removable plaster cast called the Unitary Wrap. Check out www.lynxfasteners.com for information about Duffy’s products.

  

  From Geckos’ Feet and Frogs’ Toes to Nano Adhesive

  Nature has engineered other brilliant ways of making things stick together: Tree frogs have tiny suction cups on their toes, and for traction snails secrete special mucus. The gecko, whose feet are not sticky or gluey, has the ability to adhere to surfaces as smooth as glass. In 2007, a team at Northwestern University unveiled a gecko-inspired adhesive combining the microscopic marvel of sticky gecko foot pads with the ability to adhere to wet surfaces unique to mussels, making a glue that, moist or dry, always sticks. This product will be used for surgical bandages and patches to cover damaged tissue.

  From Fish and Lizards to Robots and UAVs (Unmanned Aerial Vehicles)

  Creatures from fish to lizards have inspired a class of robots that can go where people can’t, or prefer not to, go. Many of these autonomous vehicles are being developed by Boston-based IS Robotics with funding from the Office of Naval Research and the Defense Advanced Research Projects Association.

  Robots called DARTs (Device for Acceleration and Rapid Turning) are based on the morphology of freshwater pike. With segmented bodies like the fish, DARTs use a similar undulating swimming motion that allows them to accelerate and turn rapidly. IS Robotics has developed a three-foot-long DART prototype in collaboration with the MIT Department of Ocean Engineering. This can navigate hydrothermal vents deep under the sea or conduct near-shore military surveillance.

  Ever watch a crab scramble over obstacles? Ariel, a six-legged robot whose design is based on a crab, is used to remove mines and obstacles underwater and in the surf zone. Ariel can scramble over obstacles and crevices upside down and right side up.

  Professor Mark Cutkosky, along with biomimetic designer Sangbae Kim and a team from Stanford University, has invented a cool robotic gecko named Stickybot with geckolike feet. The Pentagon has taken an interest in Stickybot—this robot could act as a spy, a James Bond–type gecko. Stickybot is another example of science mimicking geckos, whose widely spread toe pads, lined with millions of hairlike structures, can climb in any direction on virtually any surface and can move between horizontal and vertical surfaces with ease.

  BigDog, the alpha male robot of Boston Robotics, is a robot husky the size of a humungous dog or small mule. BigDog’s legs are articulated like an animal’s legs and have shock-absorbing elements that recycle energy from one step to the next. BigDog has an onboard computer that controls movement and sensors, and a control system that keeps him balanced, steers him, and navigates as conditions vary.

  BigDog can run at 3.3 miles per hour, climb a 35-degree slope, and haul 340-pound loads over harsh terrain as it carries equipment for the military. You wouldn’t want to meet BigDog on a dark night in the woods, but you can see him there at www.bostondynamics.com/content/sec.php?section=BigDog. And he’d make an extraordinarily effective watchdog! Good dog!

  Boston Robotics is busy developing a range of mobile robots that include a flapping UAV the size of a dragon and critters that climb straight up vertical walls. Marc Raibert, the team leader, says they have projects so strange that “you wouldn’t believe them, even if we could tell you about them.” A James Bond–style research project is actually on the drawing board at Wright-Patterson Air Force Base in Dayton. Here, military engineers are developing Micro Aerial Vehicles (MAVs), disguised as insects like bumblebees, that could one day spy on enemies and conduct dangerous missions without risking lives. The project is starting with the development of a bird-sized robot as soon as 2015, followed by insect-sized models by 2030. Enabling a robotic insect to carry the weight of cameras and microphones is a major difficulty. And real insects are able to bounce off walls and keep flying—these robotic insects should ideally be able to do this too. The MAVs could also carry chemicals and explosives into enemy buildings.

  SUMMARY

  •     Look for a problem

  •     Listen to other people’s problems

  •     Look for a solution

  •     Keep it simple

  •     Look to nature for solutions
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  How Nature Inspired My Inventions

  Human subtlety will never devise an invention more beautiful, more simple, or more direct than does Nature because in her inventions nothing is lacking, and nothing is superfluous.

  —Leonardo da Vinci

  THE FOLLOWING ARE EXAMPLES OF HOW NATURE provided inspiration in the formulation of some of my better-known inventions:
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  RescueStreamer
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  S.D.I.R.S.

  RESCUESTREAMER TECHNOLOGY

  When inventing the RescueStreamer technology, I was challenged by the problem of making a person or object in an expanse of water or land visible to rescue parties. I looked to nature by evaluating aerial pictures of water and land and by looking down to earth from an airplane. Although there are many colors and strange shapes, the existence of straight lines is very rare. The only true naturally occurring straight lines I saw were at the edges of cliffs.

  Neuroscientists say the brain best responds to straight lines. In a series of tests, humans were subjected to a variety of specialized colors and shapes to see which stimuli most quickly triggered the brain. It was only when the photographic slide slipped off the viewer, exposing the straight edge of the photo, that the brain went crazy and fired off immediate responses! The scientists concluded it was likely something in our genetic makeup providing a warning in potentially dangerous situations.

  On a more mundane level, if you drop a two-inch piece of sewing thread and a two-inch toothpick on your carpet, you immediately see the straight line of the toothpick before the irregularly shaped thread, especially if the toothpick happens to be a bright color. Thus the RescueStreamer concept was born; however, it still had to be constructed to work properly. I needed a straight, floating, orange line in the ocean.

  Once again, I looked to nature for examples of elongated objects that remain relatively straight despite outside forces. The first two that came to mind were the human vertebrae and a palm tree. The common denominator in both objects is their segmented structure. I separated the streamer into segments by affixing air-filled struts at a constant spacing, which also added to the flotation capability.

  The segments enabled the streamer to right itself and kept the orange film linear for maximum surface area to be quickly and easily identified by rescue parties.

  I still had to make the RescueStreamer visible at night. Nature helped again—this time 10,000 feet down on the Galapagos submarine volcanic ridge. As a scientist working on Hawaii’s volcanoes, I’d gone to the ocean floor on the ALVIN submersible, one of my wildest dreams come true. As the metal titanium sphere descended, the water changed from blue to green to gray to black, and glow-in-the-dark creatures rained down around us.
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  vSAR
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  vSAR

  Upon touchdown, I peered through the three-inch windows out at the ocean bottom, a moonscape with a fault zone showing a deep, dark crack wider than the sub. (The pilot insisted on staying a long way away from that!) Tiny plants, like small palm trees with flowers on top, swayed to and fro. Their thin, segmented stems bent with the strong currents but remained intact, validating my choice of palm tree–like struts.

  Being the low man on the totem pole, I worked the night shift dredging for volcanic rocks in the pitch darkness. Strange critters roamed these depths. One animal looked like a monkey’s skull with a clear, eel-like tail, its inner organs glowing in a variety of colors. I’d found the perfect solution for a visible-at-night RescueStreamer—glow-in-the-dark bioluminescent struts!

  VSAR TECHNOLOGY

  From a primitive perspective, humans are clearly not the best-endowed animals in terms of eyesight. I repeatedly noticed during my rough-water fishing expeditions how well birds see things from above. Not only can they see from an altitude similar to that of human search parties, but they also have much better attention spans when looking at an endless view of blue water.

  I’d heard about a military project called SeaHawk. Pigeons were trained to peck on a lever if they saw the color orange, resulting in birdseed for them and a warning to the pilots that an orange object was bobbing in the ocean below (orange being the typical color of life jackets and life rafts). The pigeons were strapped inside a bubble mounted on the bottom of a helicopter. The program worked well despite the mess the pigeons made when the birdseed came out the other end. I decided that if I were lost at sea, ideally with a long orange RescueStreamer trailing behind me, I’d want something with birdlike vision looking for me.
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  Pocket Float

  My subsequent invention was vSAR (Video Search and Rescue) technology. The vSAR technology was the result of brainstorming with a couple of other egghead PhD types, one a high-technology camera expert who had worked with NASA and Carl Sagan and the other a computer software expert who had trained with a mad Russian physicist. Using multispectral cameras combined with automatic-target-recognition computer software, we invented the vSAR technology. VSAR uses cameras to locate specific colors (spectral signals) and shapes (spatial signals) to automatically locate targets of interest by setting off an alarm.

  Thinking about the trailblazing pigeons, I adopted the pet name “the electronic pigeon” for the vSAR technology in their honor. The vSAR technology received a military grant for development and is now patented. I am presently working on the next generation vSAR, where the technology will be integrated with unmanned aerial vehicles and robot boats with the ability to “see.”

  If I were lost at sea, I’d want a RescueStreamer device trailing behind me and “birds” looking for me in the form of airplane-mounted cameras with automatic-target-recognition computers. We already see the evolution of air operations moving toward unmanned aerial vehicles (UAVs), which are essentially artificial birds flying around with computers for brains—another example of humans working extremely hard and making major advancements, only to arrive at the level that nature already inhabits!
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