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Presentation Notes
Hello. My name is Amanda Wozniak. I’m an electrical engineer, and an advanced technical team member at the Wyss Institute for Biologically Inspired Engineering, where my role is to transition research projects into product prototypes. I’m presenting today to give a brief primer on open-sourcing the engineering design process. 



FIRST, WHAT IS THE ENGINEERING DESIGN
PROCESS?

great idea
for a project

a miracle
occurs!

fabrication
and

assembly
hardware

Presenter
Presentation Notes
So, first up, what is the Engineering Design Process ™? Well, in a nutshell, it is how you get to something from nothing. Process is the miracle that occurs between you having idea and you ending up with a physical object.  Or…. many iterations of objects. Alright. And it makes sense that you’d want to tell others what path you took to arrive at a new technology.  That seems innocent enough until you think about everything that can entail. 



THE IDEA OF A PROCESS IS DEAD SIMPLE. 
DOCUMENTING A SPECIFIC PROCESS IS HARD.
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In essence, following an engineering design process (AND THE IDEA OF A PROCESS) is dead simple. You tell a story about what you made and why, and that story serves as a lesson plan for every engineer that visits that project after you. The hard part is that when you go through this process, you end up with a ton of technical details and you’re stuck with the burden of organizing them into meaningful documentation. Of all the things you’ve done in a project, which stories are the most important one to tell? 



SCHEMATICS, GERBERS AND BOMS ARE A
GOOD START. SO, WHY BOTHER WITH A
PROCESS? SHOULDN’T WHAT I MADE BE
ENOUGH?

The more we tell, the more others can 
question and the faster we can learn 
from our collective mistakes. 
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One approach is to default to the bare minimum. Requiring the release of schematics, boms and gerbers to qualify as an open-source project is a great start. If the point of open-source hardware is that anyone can make a copy of what you made, then these files are completely sufficient to meet that goal. But, strictly speaking, these files aren’t the “source” files of hardware – they’re the manufacturing files. If you send these files to an experienced fab and assembly house, they’ll send you back some boards. Anyone else (including your design community) needs to have a *lot* of domain knowledge to start with a schematic and decipher whether, how and why what you just made is what it claims to be. Therefore, I dare you to tell me what I just made. What it’s good for. And why you should use it, copy it and build on it. 



MANUFACTURING FILES ARE NOT
SUFFICIENT PROJECT DOCUMENTATION.

DETAILS ARE REQUIRED TO BRIDGE THE
GULF FROM PROTOTYPE TO PRODUCT.
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My point is that manufacturing outputs are necessary for openness, but they are not sufficient. One goal of open-source hardware is to enable all of us to build on one another’s projects… But if you don’t have a story of how you got from idea to endpoint, you run the risk that your project will dead-end. Collaboration requires that we discuss the process we take from prototype to product. 



THERE’S NOTHING TRULY OPEN ABOUT
YOUR HARDWARE IF I HAVE TO
REVERSE-ENGINEER YOUR DESIGN.
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Basically, you can give me the source, but there’s nothing truly open about hardware if I have to reverse-engineer your design in order to contribute.I fervently believe one point of open-source hardware is to allow the community to boot-strap itself through the viral nature of share-alike. If that’s the case, we need to go beyond commercial use and released fabrication files. We need to collaborate as designers. If our method of communicating our ideas to one-another requires reverse-engineering, then we aren’t collaborating. We’re working separately and that means time wasted, effort reproduced, and the growth of the entire body of open-source work stagnates. THEREFORE. PROCESS.



THE OTHER GOAL OF USING A FORMAL 
DESIGN PROCESS IS TO SAVE YOUR BACON
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And not only is process documentation more “open”. It’s useful! The engineering design process helps you avoid failure. Since sitting down and hacking something out is technically considered a “process,” so I’m going to add the word “Formal” here. A formal design process is more than a miracle. It is a specific, proscribed order of operations, information and milestones that you (as an engineer) observe in order to keep from making repeated and common mistakes. This is called following “Best Practices.”Put in another way, a design process is any regimented protocol that increases your likelihood of success. 



SOCIETY COULD COLLAPSE BECAUSE 
WE DO NOT HAVE  SUFFICIENT 
DOCUMENTATION.
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If you were NASA, you couldn’t afford to have one engineer be the bottleneck for any part of your product design process. What if they leave? What if someone dies? The deployment team in Indonesia doesn’t know what the design team in Colorado didn’t write down. The FDA can’t audit someone’s memory if a device fails in the field. 



UNDERNEATH ALL THE NDAS, INDUSTRY IS
NAKED.
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In industry, behind the walls of NDAs, everything is scrutinized by everyone. If you are a multi-million dollar company, you can’t afford to have one engineer be the bottleneck for any part of your product design process. What if they leave? The deployment team in Indonesia doesn’t know what the design team in Colorado didn’t write down. In two years, something you made might break and kill someone, leading to an FDA audit. What happens if you don’t remember how you got from idea to product? The FDA can’t audit someone’s memory if a device fails in the field. 



THE DESIGN PROCESS IS JUST DOING THIS…

AND THEN DOCUMENTING IT.
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What does a “real” collaborative engineering design process look like? What does it entail? What does industry do?In a nutshell, we tell a story about what we made and why. That story serves as a lesson plan for every engineer that visits that project in the future and allows us to avoid repeated mistakes and to address any problems more quickly. REMEMBER THIS CHART – BECAUSE WE’RE GOING TO WALK THROUGH IT.



PROJECT: MAKE AN UN-TETHERED
ROBOT CONTROLLER
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Let’s go through a real world example. In my job at the Wyss, one of my early projects was to re-build a research robotics demo.  I was given permission to open-source this work, so let’s go through the steps. 



FIRST, I ASKED SOME QUESTIONS…

 Why are we making this?
 Who is this for?
 How will this be used?
 Do we have legacy requirements?
 What features does it need to have (now)?
 What features does it need to have (later)?
 Who’s going to build this?
 How many do we want to make?
 What can you afford?
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OKAY. FIRST PART OF THE PROCESS CHART FROM SLIDE 10.First, I asked the professor a lot of motivating questions. The idea is that the answers to these questions constrains your design problem and guides your solution. The answers for this project ended up being, “I need something that runs research algorithms, is untethered and autonomous, is battery powered, can drive up to 40 servos, is easy enough that a student can run the demo and program it, and has expansion slots.”



ALL THE ANSWERS POINTED TO MAKING A
SHIELD FOR THE ARDUINO MEGA.

 All the benefits of open-source hardware
 Enough resources to get the job done

Presenter
Presentation Notes
OKAY. SECOND PART OF THE PROCESS CHART. I MADE A DESIGN DECISION AND I DEFENDED MY CHOICE.Having asked the important questions, it became very clear that I could get 90% of the way to a new prototype if I started with the Arduino MEGA. Not only does the MEGA have all of the benefits of open-source hardware (community support, large code base, supported IDE, guaranteed stability) – the AVR on the MEGA had enough hardware serial ports to control all of the legacy servos (with some added circuitry). It had GPIO to spare (for future modularity), and the shield design is just downright handy. 



I GROUPED THE REQUIRED FEATURES INTO A
BLOCK DIAGRAM AND LOOKED FOR EXISTING
SOLUTIONS – REDUCE, REUSE, RECYCLE
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OKAY. SECOND PART OF THE PROCESS CHART. I MADE A DESIGN DECISION AND I DEFENDED MY CHOICE.Since the Q&A also gave me an idea of the required system features, and choosing the MEGA meant that I had a starting point for system architecture, I could break everything down into small functional blocks. That meant I could find (or design) specific sub-circuits for each function.Process makes complexity manageable.  



SCHEMATIC/BOM: BEST PRACTICES

 as you select parts for your schematic, curate 
your CAD library and update your Bill of 
Materials as you go. This helps you to avoid 
footprint and pinout mistakes

 for every part on your BOM, take the extra 
time to find multiple vendors and list both the  
FUNCTION of the part and its CRITICAL 
SPECIFICATION (tolerance, size, cheapness, 
etc). 

 for each part make a note of any physical 
Design Rules for the PCB layout. 
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MORE DESIGN DETAIL – ELECTRICAL ENGINEERING BEST PRACTICES.Once I designed (or appropriated) the various sub-circuits, I had to do the schematic capture. LOTS OF WORDS HERE, so in summary, Best practices for schematic capture are to document as you go. You don’t need to ask yourself, “why did I choose THIS opamp,” if you remember to annotate your bill of materials with, “U17: IMPORTANT SPEC: cheapest 3V opamp with 80dB PSRR in 8-pin SOIC.”



PCB LAYOUT/PROTOTYPING: BEST PRACTICES

 Take your Design Rules and follow them to the 
best of your ability.

 Review. Built. Test.

 Iterate.
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MORE DESIGN DETAIL – ELECTRICAL ENGINEERING BEST PRACTICES.If you do a good job with your library and schematic capture, layout becomes a zen exercise in pushing wires and packing polyhedra. Once you’re done, though, you always have to go back and ask “DOES MY LAYOUT MATCH MY SCHEMATIC, AND DO BOTH OF ADDRESS MY DESIGN QUESTIONS?” This is called DESIGN VERIFICATION. To do it, you hold a design review and bug hunt. This helps you catch things like accidentally non-uniform header-spacing. Or LED mounting holes that are the wrong size. Of course, you ultimately have to iterate. No one’s perfect. 



BUILD IT. SHIP IT.

 Take your Design Rules and follow them to the 
best of your ability.

 Review. Built. Test. Iterate.

 Write the use document 
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MORE DESIGN DETAIL – ELECTRICAL ENGINEERING BEST PRACTICES.If you do a good job with your library and schematic capture, layout becomes a zen exercise in pushing wires and packing polyhedra. Once you’re done, though, you always have to go back and ask “DOES MY LAYOUT MATCH MY SCHEMATIC, AND DO BOTH OF ADDRESS MY DESIGN QUESTIONS?” This is called DESIGN VERIFICATION. To do it, you hold a design review and bug hunt. This helps you catch things like accidentally non-uniform header-spacing. Or LED mounting holes that are the wrong size. Of course, you ultimately have to iterate. No one’s perfect. 



WHY BOTHER WITH ALL OF THAT PROCESS
AND DETAIL FOR A DEMO?



SO WHEN WE NEEDED TO PROTOTYPE A
DIAGNOSTIC MICROSCOPE, I’D SEEN THIS MOVIE
BEFORE…
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I gave the table controller documentation package (which was not as complete as I’m implying it was) to the post-doc who was building a microscope and needed some motor control. Working together, we built another (even better) prototype in-house.Following a solid process (along with documenting it) provided the basis for that good design reuse. 



IF YOUR PROJECT BECOMES A PRODUCT…
EVERYTHING GETS MORE ONEROUS
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The only difference between OSH and production engineering is rigor and liability. It’s just a different level of scrutiny.If your OSH project has a bug, people are annoyed. If your pacemaker has a bug, people die. But both extremes of engineering rigor benefit from transparency and open collaboration. 



OPEN-SOURCE PROJECTS SURVIVE BEYOND
THEIR CREATORS. DESIGN PROCESS
TRANSPARENCY HELPS ADDRESS:

 ANALYST BIAS – “The previous guy knew what 
he was doing better than I do.”

 HUBRIS – “I know best, no matter what came 
before.”

 CARGO CULT – “If it worked before, and we 
copy it, it’s got to work now.”
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I’m an engineer who does open-source hardware for fun, even while working at a research Institute that’s trying to generate IP and make medical devices. I’m in the odd position of having a foot in each world – open academia and industry practices. So, why am I pushing to move towards openness? Openness and transparency help us avoid analyst bias, hubris, and the cargo cult phenomena of engineering.  The open-source community is your design team. The more we share, the more others can question and the faster we can learn from our collective mistakes. 



THE MORE WE SHARE, THE MORE OTHERS
CAN QUESTION AND THE FASTER WE CAN
ALL CELEBRATE OUR COLLECTIVE
MISTAKES AND SUCCESSES. 
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The more we share, the more others can question and the faster we can learn from our collective mistakes. Thank you. 
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