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VISUAL ADVENTURES

SUB  TRACTION
Michigan Engineering’s human-powered submarine barrels  
down the testing basin during a test run in the Aaron Friedman 
Marine Hydrodynamics Lab. Designed for competition by a team 
of naval architecture and marine engineering students, the sub 
can reach a top speed of about six miles per hour with its  
pedal-powered propulsion system. 

PHOTO: Joseph Xu
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Awards and bonuses for faculty and staff who embody College values 
emphasize the importance of values in their daily work. 

FOCAL POINT THE CULTURE. THE CULTURE. THE CULTURE. 
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CULTURE IS KEY

MICHIGAN  
ENGINEERING
VALUES

LEADERSHIP

EXCELLENCE

CREATIVITY

INNOVATION

DARING

DIVERSITY

EQUITY

SOCIAL IMPACT

COLLEGIALITY

COLLABORATION

TRANSPARENCY

TRUSTWORTHINESS

Why Michigan Engineering is focusing on getting it right

Initiatives and activities at the College aimed at encouraging a strong culture embedded in core values

MICHIGAN ENGINEERING 2020 CULTURE PILLAR

W hen it comes to the most important 
aspects of a successful engineering 
school, the culture may not be the 
first to come to mind. Yet Michigan 

Engineering is making it a major focus.
From early in the strategic planning process, 

College leaders knew it would benefit the organization 
if there was a shared sense of purpose and action, 
backed by behaviors that reflected its values.

“When we outlined the vision, mission and 
values for the College, we did so with the knowledge 
that nothing was broken, but that there was an 
opportunity to be intentional about who we already 
are, and what our legacy will be,” said Alec Gallimore, 
the Robert J. Vlasic Dean of Engineering. “The results 
were a reflection of our community, which is why it 
has resonated so strongly with our students, faculty, 
staff and alumni.”

This laid the groundwork for the Michigan 
Engineering 2020 Strategic Plan, in which “culture”  
is one of the three pillars of focus, alongside “research” 
and “education.” The work within that pillar 
emphasizes the College’s values, and how those impact 
the achievement of its goals. [See page 18]

“The values directly support our vision of being 
the preeminent college of engineering serving 
the common good,” said Gallimore, who is also 
the Richard F. and Eleanor A. Towner Professor, 
an Arthur F. Thurnau Professor, and a professor 
of aerospace engineering. “To be preeminent, 
you must lead, and in order to lead, you must be 
willing to take risks and be creative, transparent and 
collaborative. In other words, to achieve our vision, 
we must live our values.”

“In an organization as complex and large as ours, 
if we really want to accomplish new things and stay 
true to our mission, then we have to make sure our 
core values are imbued in our culture,” said Michael 

Wellman, the Lynn A. Conway Collegiate Professor 
of Computer Science and Engineering, associate dean 
for academic affairs and co-leader of the culture pillar. 
“We need to make sure our actual day-to-day practice 
is consistent with and supports our values.”

The College tapped faculty and staff leadership 
for input. It also worked with its Leadership Advisory 
Board (LAB), a group of academic, corporate and 
government leaders, to draw from their experiences. 

“For things to be sustainable, and culture is 
a sustainable advantage, it is important for an 
organization to ask, ‘Are we still where we need to 
be?’” said Crystal Ashby (BA LSA ’83), a seasoned 
executive, lawyer and a member of the LAB. “While 
something may not be broken, it can always be 
improved upon. You might affirm, ‘Yes, that is who 
we still are’ or find that new innovations and different 
perspectives should be considered.”

As a large enterprise, Michigan Engineering needs 
to continually reinforce the shared understanding 
about the fundamentals.

“Culture is both ‘foundational’ and a ‘pillar,’” said 
Ashby. “It’s foundational because its strength is a key 
component of the College’s brand and underpins 
everything that gets done. But if you don’t constantly 
cultivate it, it won’t stay at the forefront of the way you 
respect, engage, interact with and treat each other both 
internally and externally.”

The LAB has helped the planners think 
holistically about how communications, rituals 
and career development paths reflect and reinforce 
an organization’s values. The College has come to 
understand that culture must permeate all aspects of an 
organization’s processes. It is a natural fit with strategy, 
according to Deborah Mero, executive director of 
resource planning and management at the College and 
co-leader of the culture pillar. In fact, it’s essential.

“You can’t have one without the other,” Mero said.

PROMOTION & TENURE

HIRING

TRAINING

RITUALS & EVENTS

INCENTIVES

Articulating the principles and 
criteria for the faculty promotion 
and tenure process ensures 
consistency in priorities.

Talent is at the core of success, 
and considering College values 
such as creativity, diversity 
and collaboration when hiring 
enriches that pool of talent, 
strengthening the effects of a 
positive culture. 

Providing professional development and training anchored by core values 
raises the bar. It creates consistency in leadership and a shared understanding 
among all faculty and staff. 

College-wide events celebrating values help increase communication and collaboration, 
and place emphasis on the priority of culture for the greater community. 

COMMUNICATION

Reinforcing values and strategic priorities through 
communication is a critical component of culture-
building, and raises awareness in items ranging 
from lobby displays and social media to 
in-person town halls and discussions. 
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Over-hyping engineers? 
A response to our spring 2018 issue

The Michigan Engineer has always seemed to be 
a bit of a hype machine. I get that. The University 
needs to promote itself so that alumni will feel a 
desire to support it with donations.
 
For something like the past year, I have felt 
that the hype has gone into a kind of jingoistic 
overdrive. The key individuals in the articles often 
have endowed chairs in their departments so 
whenever their name comes up in an article, 
it’s their name plus an extended honorific 
describing their endowment. It’s not simply Alec 
D. Gallimore, it’s Alec D. Gallimore the Robert J. 
Vlasic Dean of Engineering or Alec D. Gallimore 
the Arthur F. Thurnau and Richard F. and Eleanor 
A. Towner Professor of Engineering. Is that how 
he answers the phone?
 
The article on the Parker solar probe had a 
breathless tone to it with the standout phrase 
for me being “making history all of the way” 
while constantly referencing the dangers of 

operating near the sun. The article about the 
use of nanoparticles to kill bacteria describes 
the researchers as “stepping into the chasm” 
with constant battlefield metaphors throughout 
the article.
 
I am an electrical engineer who earned his 
BSEE degree at Michigan in 1980. Yes, I am 
impressed by the science but I can seriously do 
without the portrayals of individuals and actions 
on a mythic scale. It’s science. It’s what they 
love doing. It’s their life. It’s also an engineering 
problem to be solved. If they do something 
extraordinary, they will get recognition from the 
rest of the scientific community. 
Charles Pitcher (BSE EE ‘80)

When a faculty member with an endowed chair 
or other named title is featured in The Michigan 
Engineer, they have been the recipient of 
support from an external partner or the College 
because of their expertise and leadership. That 
support, which funds research, faculty work 
and students, is critical to our mission, and the 
named title is included to recognize a generous 
donor or a distinguished former faculty member. 
– Editor

Have something to share? Email us at  
MichiganEngineer@umich.edu

Corrections 
The Throwback feature on page 56 of the spring 
2018 issue incorrectly referred to the pictured 
room as an “anechroic” chamber. The correct 
name is “anechoic” chamber.

Mapping the Gaps 
Responses to our “Mapping the Gaps” story 
on how mentoring affects outcomes for 
diverse students in engineering education

This is applicable for all disciplines, but 
especially so for engineering!
Richard H. Stacy 

I’m only in my first semester here, yet having 
a black woman as a professor – especially 
in the engineering department – has been 
amazing.
@jeruhme_a

Intergalactic rhymes 
A response to our Q&A article featuring Nobel 
laureate and Michigan Engineer Sam Ting’s 
dark matter research

The author writes, “Reading the article in the 
2018 spring edition ‘What is Dark Matter?’, I 
could not resist sending the magazine a poem 
I recently composed on the subject. Technical 
it is not, but perhaps some might enjoy.”

For decades scientists extolled
Words explicit and controlled
Knowledge arcane and bold
Stars exist in a vacuum, cold.
 
Now persistent loquacious chatter
Says space consists of different spatter
Once presumed as an empty platter
It’s managed to acquire ubiquitous Dark Matter.
 
Though existence is merely inferred
The learned community is not deterred
Much technical jargon is heard
One fears it’s bordering on absurd.
 
But all this new rigmarole
Dares not alter nature’s role
Smug physicists cavalierly toll
The dark stuff fills a significant hole.

Parker Probe 
A response to our story on the Parker Solar 
Probe project

As a United Launch Alliance employee and a 
Michigan Engineering alumnus, I’m so excited 
to launch this spacecraft and help begin its 
journey to the sun!
Mitchell Drew
United Launch Alliance manufactures the  
Delta IV Heavy rocket used to launch the 
Parker Solar Probe. – Editor

Faster 3D printing 
A response to our Random Access item on 
an algorithm that enables faster 3D printing

Great work by Prof. Okwudire and his  
students that not only improves 3D printing, 
but many precision manufacturing machines. 
Galip Ulsoy 

Ann Arbor’s first Unicorn 
A response to our Alumni Notes item on Duo 
Security, the first Ann Arbor tech company to 
reach $1 billion in valuation – a “unicorn” in 
tech parlance

I’m currently using [Duo Security’s Duo Beyond] 
and it’s much easier to use than other two-factor 
authentication methods. 
Gary Yu

Damn, the secret’s out. Now Ann Arbor is gonna 
be overrun. 
Sherman Powell

UPDATE: In August of 2018, Duo Security was 
acquired by Cisco for $2.35 billion. Oberheide 
and Song will continue their leadership roles, 
and the company plans to expand its presence 
in Michigan.

 
We’re told dark matter is a critical key
In unraveling a major mystery
Without its presence planets might flee
What happened to Isaac’s gravity?
 
But wait, how can this be
This darkness we cannot see
Lurking quite stealthily
Within a boundless starlit sea.
 
We can’t! It’s dark I say
Yet said scholarly must have their play
With computers whirring night and day
They cite existence with esoteric sway.
 
Yet, can we really believe
Cards pulled from cosmologists’ sleeves?
Better we wait watching them grieve
Discovering it’s all pure make believe.
 
Then for certain they would realize,
The universe does not surprise
It has been here eons we can surmise
Observed by countless lovers’ eyes.
 
Let’s hope astronomers’ minds get weary
Concentration somewhat bleary
Contemplating that the universe is eerie
Based on some Dark Matter theory.
 
Dan Colovas
BS ME ’62

Go hard or go home 
A response to our Random Access item on 
a high-strength concrete formula

They should start using it on the third-world 
roads here in the state of Michigan! 
Rick Knoechel
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Michael Wellman (left), 
responding to a question 
on distribution of wealth 
during the Isaac Asimov 
Memorial Debate with top 
artificial intelligence experts 
in the country. Wellman, the 
Lynn A. Conway Collegiate 
Professor of Computer 
Science & Engineering and 
associate dean for academic 

affairs, participated in the panel assembled by Director of the Hayden 
Planetarium Neil deGrasse Tyson (right). The discussion explored 
Asimov’s famous Three Laws of Robotics and challenged whether 
these early safeguards are enough in our emerging AI-reliant world. 

“IN THIS ROAD TO MORE CAPABLE AI, IF ONE 
ENTITY HAS A SIGNIFICANT EDGE, THEY WILL 
HAVE A VERY STRONG INCENTIVE TO SHUT 
OTHERS OUT. AND SO THERE’S NO DOUBT AN 
ARMS-RACE DYNAMIC TO MANY ASPECTS OF 
AI TECHNOLOGY.”

  

 RANDOM 
    ACCESS 

FIRST BYTES RANDOM ACCESS
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Although construction on the new Ford 
Motor Company Robotics Building has 
just begun, you can get a sneak peek of 
what it will look like inside with a 3D 
virtual tour. Stroll through the glass atrium 
and check out the fourth floor, which will 
be home to more than 100 Ford employees 
in a unique collaboration with the College. 
When complete, the building will house 
the McNeil Walking Robotics Laboratory, 
high-bay garage space for autonomous 
vehicles, a three-story flying lab, maker 
space and shops for student robotics teams 
and a rehabilitation robotics lab where 
researchers will work with amputees and 
people with paraplegia.
Go to robotics.umich.edu/building-cad

A nanoparticle that lights up in the absence of oxygen could 
be a new weapon in the fight against cancer. That’s because 
cancerous cells in the body contain far less oxygen than 
healthy ones.

The U-M research team that developed the particle believes 
it could help detect cancer by sniffing out telltale oxygen 
deficiencies. The particle could detect the spread of cancerous 
cells or provide surgeons with a way to identify the boundaries 
of a tumor more precisely.

While there are plenty of oxygen-sniffing phosphors out 
there, organic phosphors that can be used in the body are a 
much newer development. The team combined the phosphor 
with an organic polymer and a polystyrene core to get precisely 
the properties they needed in a 200-nanometer package.

“The challenge was to get the right-size particle that was 
biocompatible, water soluble and nontoxic,” said Jinsang 
Kim, a professor of materials science and engineering who 
led the work.

The nanoparticles could also be useful in industrial oxygen 
detection, monitoring oxygen-starved ocean dead zones, and,  
of course, for creating a cool-looking glow-in-the-dark block M.

ROBOTICS  
SNEAK PEEK 

MICHIGAN EXPERT DEBATES AIOXYGEN-SNIFFING 
NANOPARTICLES 
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COULD MICROPLASTICS 
SAVE LIVES? 

PRINTABLE 
MEDICINE 

Instead of counting out pills, pharmacists may one day be able to print 
ultra-precise, customized doses of drugs right at the pharmacy. That’s the 
goal of a new technique that U-M researchers have successfully used to print 
multiple medications onto a variety of surfaces including dissolvable strips 
and microneedle patches.

Developed by a team that includes Max Shtein, professor of materials 
science and engineering, the process could make life easier for patients who 
now must take multiple pills every day – all those meds could be printed 
onto a single dose. Medications printed with the process also dissolve more 
easily than pills, which could enable the use of drugs that today are shelved 
because they don’t dissolve well enough in pill form.

When the immune system goes nuts, it can be a killer. One example of this 
is when inflammation in the lungs leads to so much fluid production that a 
person can drown. Lola Eniola-Adefeso, a professor of chemical engineering, 
and her students discovered the potential of an unconventional treatment.

They’d been trying to design polystyrene microparticles for drug delivery, 
but immune cells kept spotting the particles and escorting them away. In 
tests with mice, they realized that these particles could actually distract the 
immune system, reducing the severity of inflammation in the lungs of the 
mice. If the particles work safely in humans, they could help prevent organ 
damage or death when the body suddenly attacks itself.

At 20 sextillion (2×1022) watts per centimeter squared, 
U-M’s HERCULES laser can still cram the most power into 
the smallest space, but it lost ground in the overall power 
department to newer competitors. A $2 million upgrade funded 
by the National Science Foundation will double or even triple its 
current power of 300 trillion watts, bringing it closer to the most 
powerful lasers today. Here’s what that could mean for science:

1: TABLETOP ACCELERATORS
  Laser light can power the acceleration of particles and produce 
other high-energy beams such as X-rays in just a few square 
yards or less. These can be used for medical treatments, 
fundamental physics research and identifying nuclear 
contraband in shipping containers. 

2:  X-RAYS THAT DIFFERENTIATE AMONG  
SOFT TISSUES
  High-energy X-ray beams emitted by laser accelerators could 
enable advanced imaging that would be cheaper and offer faster 
results than an MRI.

3: SOLVING ASTROPHYSICAL MYSTERIES
  HERCULES-induced strong magnetic fields on microscopic 
scales could break apart and reconnect like the field lines around 
black holes, shedding light on how powerful, seconds-long 
bursts of gamma rays occur in space.

4: CHECKING QUANTUM ELECTRODYNAMICS
  Quantum electrodynamics – the quantum description of light 
and its interactions with matter – needs more testing in extreme 
situations, such as the very strong electric fields that occur in 
neutron stars. HERCULES could simulate these electric fields.

  HERCULES is a tool for researchers around the U.S. and abroad, 
so the upgrade will make it more valuable as a national scientific 
resource, said Karl Krushelnick, U-M professor of nuclear 
engineering and radiological sciences and director of the Center 
for Ultrafast Optical Science, which houses HERCULES. 

FOUR REASONS WE’RE  
UPGRADING THE WORLD’S 
MOST INTENSE LASER 
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MICHIGAN  
ENGINEERS
IN THE NEWS

WHERE DO THEY PLUG IT IN? RANDOM ACCESS
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HIDDEN IN THE DATA:  
SPACECRAFT  
HITS  
WATER 
PLUME
The Galileo spacecraft, which orbited Jupiter from 1995 until 2003, 
seems to have run into a water plume over the moon Europa in 1997. 
This incident went unnoticed for two decades until it was unearthed 
by a team from U-M, UCLA and the University of Iowa. Xianzhe Jia, 
an associate professor of climate and space sciences and engineering 
at U-M and first author of the paper in Nature Astronomy, explains 
how they did it.

Jupiter’s moon, Europa, is one of the best places in our solar system 
to search for extraterrestrial life because it is believed to harbor a global 
ocean beneath its ice cover. Compelling evidence for that subsurface 
ocean came from the magnetic field measurements acquired by NASA’s 
Galileo spacecraft during flybys of the moon. We recently reanalyzed 
data from Galileo and suggest that in 1997, the spacecraft passed 
through a water plume rising a few hundred kilometers above Europa’s 
surface (Figure 1). Our findings provide the first locally acquired 
evidence that Europa’s subsurface ocean may be venting plumes of water 
vapor above its icy crust.

Signatures of putative water plumes at Europa have previously been 
identified in Hubble Space Telescope images, but all detections were 
made at the limit of sensitivity of the data. We couldn’t be sure they 
were real. Motivated by the Hubble results, we reexamined Galileo 
data obtained close to Europa, searching for evidence of plumes. 
Europa is embedded within Jupiter’s magnetosphere where magnetized 

plasma originating from the volcanic moon, Io, continuously impinges 
on Europa and interacts with the moon’s tenuous atmosphere. This 
produces electromagnetic perturbations in space, including plasma waves 
that reveal properties of the plasma such as its density.

We focused our investigation on the high-resolution magnetic 
field and plasma wave data. If plumes were jetting above Europa, 
plume materials could get ionized by energetic electrons in Jupiter’s 
magnetosphere, forming a plasma that would interact with the 
magnetized Jovian plasma and generate discernible signatures in the 
flyby data. Indeed, we found that during a three-minute interval when 
the Galileo spacecraft dropped below 400 kilometers above Europa’s 
surface on its closest pass, the magnetometer recorded a sudden change 
of orientation and magnitude of the magnetic field.

Concurrently, anomalous plasma wave emissions indicated a brief 
but substantial increase in plasma density. Both signatures suggest that 
the spacecraft encountered an obstacle; a plume provides a plausible 
explanation based on what has been learned at another icy satellite of 
Saturn, Enceladus, where active water jets erupt from the surface and 
modify the magnetic field and the ambient plasma.

To test the plume hypothesis, we turned to numerical simulations 
that self-consistently model the interaction between a plume and 
the space environment around Europa. Basing our analysis on the 
state-of-the-art magnetohydrodynamic code BATS-R-US, developed 
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by the Center for Space Environment Modeling at U-M, we 
systematically explored the plume interaction with the incident 
Jovian plasma in three dimensions (Figure 2) and compared 
simulated magnetic and plasma parameters with the Galileo data. 
A model that incorporated a plume with characteristics inferred 
from Hubble images reproduced the anomalous changes in the 
magnetic field and plasma wave measurements with high fidelity. 
The satisfactory quantitative agreement between the model and 
data led to the conclusion that Galileo passed through a plume 
during its close flyby of Europa in 1997.

The detection of a plume during a flyby not only provides 
additional evidence for the contemporary presence of liquid water 
on Europa, but also has major implications for future missions to 
Europa to assess its habitability, such as NASA’s Europa Clipper 
mission and the European Space Agency’s Jupiter Icy Moons 
Explorer (JUICE) mission. With all the evidence of plumes 
presently available, there appears to be a considerable probability 
for future spacecraft to fly through plumes over Europa. In that 
case, a spacecraft will be able to directly sample plume materials 
originating from the subsurface ocean. The measurements obtained 
by the modern instrumentation onboard those missions will provide 
a wealth of information for scientists to assess whether or not 
Europa’s ocean has conditions suitable for life.
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Fig 1: An artistic illustration of Galileo’s orbit through the inferred plume 
viewed from the direction from which the wind is blowing (left) and from 
outside Europa’s orbit looking toward Jupiter. 

Fig 2: Plasma flow surfaces with the colors illustrating the bends of the magnetic field caused by the slowing down of Jupiter's magnetized wind as it encounters Europa’s 
atmosphere. In panel (A) where there is no plume present, the magnetic field bends towards the viewer above Europa's equator and it bends away from the viewer below 
the equator. In panel (B), the bends illustrated in panel (A) are still present but additional bends, evident from changes of color, develop in a small region around the plume.  .
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RANDOM ACCESS DRAWN FROM THE BEST

CHANGING OF THE CHAIRS
With nearly two centuries of combined professional experience and over 1,000 
published papers, these newest chairs are leaders in their fields and share Michigan 
Engineering's mission for creative thinking and research-driven innovation.

AERO  
Anthony Waas, 
professor emeritus of 
mechanical engineering 
and professor emeritus 
of aerospace engineering, 
has been named the 
Richard A. Auhll 
Department Chair of 
Aerospace Engineering.

CLaSP  
Tuija Pulkkinen,  
vice president for 
research and innovation 
at Aalto University in 
Espoo, Finland, has been 
named the new chair of 
the Climate and Space 
Sciences and Engineering 
Department.

ECE  
Mingyan Liu,  
professor of electrical 
engineering and 
computer science, has 
been named the Peter 
and Evelyn Fuss Chair of 
Electrical and Computer 
Engineering.

IOE  
Brian Denton,  
professor of industrial 
and operations 
engineering and 
professor of urology, 
has been named 
the new chair of 
the Industrial and 
Operations Engineering 
Department.

ISD  
Diann Brei,  
professor of mechanical 
engineering, professor of 
integrative systems + design, 
co-director of General Motors/ 
U-M Multi-functional Vehicle 
Systems Collaborative Lab, 
has been named the new chair 
of the Integrative Systems + 
Design Division.

ME 
Ellen Arruda, 
Maria Comninou 
Collegiate Professor of 
Mechanical Engineering, 
professor of biomedical 
engineering, professor 
of macromolecular 
science and engineering 
and co-director of 
the Exercise & Sport 
Science Initiative, has 
been named the Tim 
Manganello/BorgWarner 
Department Chair of 
Mechanical Engineering.

NERS  
Todd Allen,  
Grainger Institute for 
Engineering Professor 
in the engineering 
physics department 
at the University of 
Wisconsin–Madison, has 
been named the Glenn 
F. and Gladys H. Knoll 
Department Chair of 
Nuclear Engineering and 
Radiological Sciences.

~180
COMBINED YEARS  

OF EXPERIENCE

23 

COLLECTIVE NUMBER  

OF DEGREES EARNED

~1,000 
COLLECTIVE NUMBER 

OF PAPERS PUBLISHED

25% 
EXTERNAL

75% 
INTERNAL

54% 
MALE 

46% 
FEMALE

 INCOMING CHAIR  STATS  TOTAL CHAIR  STATS
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BUCKEYE BANDIT? RANDOM ACCESS

That’s how Alex Halderman altered the outcome of a mock election 
in Tishman Hall this winter – and he cautions that something 
similar could really happen in a close election.

In the November midterms, millions of Americans across 18 
states will cast ballots on the same type of voting machines he 
purchased online from an Ohio electronics recycling company.

Halderman, a U-M professor of computer science and 
engineering, worked with The New York Times editorial department 
in March to stage a mock election as a way to demonstrate how 
vulnerable many of these machines are. Voters were simply told they 
were participating in an experiment. Ballots asked: Which is the 
greatest university, U-M or Ohio State? 

After more than 200 votes, the winner was announced. According 
to the machines, Ohio State eked out a victory. But the paper trail 
told a different story: U-M won by a wide margin. 

Halderman and President Trump alike are both calling for paper 
ballots, which can be tallied by computer but also spot-checked by 
hand as a sure-fire way to guard against vote hacking.

“Our election infrastructure is far too vulnerable to hacking and 
sabotage,” Halderman said. “States and the federal government need 
to act before it’s too late.” 

HOW TO HACK
AN ELECTION

1.  Buy a voting machine on eBay. A Diebold 
Accuvote TSX can go for under $100.

2.  Write a computer virus to hijack the 
voting machine’s software. 

3.  Hide your virus in an email to voting 
officials. Make the message look 
important, and trick the officials into 
opening an attachment that infects  
their computers.

4.  Sip coffee while election officials 
unknowingly copy your virus onto the 
voting machines as they program in the 
ballot design.  

5.  Watch your code silently steal votes. 
(Make sure it’s a believable number. You 
don’t want a landslide to raise eyebrows.)
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RANDOM ACCESS LOOKIN' DAPPER IN THE DUDE

 THE JOB MARKET FOR A 
 STARTING ENGINEER

EACH YEAR AN AVERAGE OF:

4,000
  

1,000

67%

8%

25%

IN 1956–57
STRAIGHT TO EMPLOYMENT 67%

CONTINUED THEIR EDUCATION 25%

ENLISTED IN MILITARY 8%

67%

4%

29%

COMPARED TO 2016–17
STRAIGHT TO EMPLOYMENT 67%

CONTINUED THEIR EDUCATION 29%

OTHER (INCLUDING MILITARY) 4%

WHAT DO OUR GRADUATES DO AFTER GRADUATION?

HOW DO OUR STUDENTS 
GET RECRUITED?

WHAT ARE COMPANIES LOOKING FOR?

Sixty years later, 67 percent 
of students are still going 
straight to work. In contrast, 
the number pursuing 
a secondary degree has 
increased by 4 percent.

WHO'S HIRING?

Top-paying national occupations:
• Petroleum engineers
• Computer hardware engineers
• Aerospace engineers
• Nuclear engineers
• Electronics engineers

Top industries for new Michigan Engineers:
• Automotive and transport equipment
• Computer software and services
• Consulting
• Aerospace and defense
• Financial

Top hiring companies for new Michigan Engineers*:
• Amazon
• General Motors
• Ford Motor Company
• Google
• Microsoft

*Excluding University of Michigan as an employer

INTERVIEWS ARE CONDUCTED 
ON CAMPUS

COMPANIES POST 
JOBS

AN AVERAGE NEW MICHIGAN ENGINEER MAKES:

 $77,976 
 $85,922 
 $106,867 

WHAT DO THEY MAKE?

BACHELOR'S

MASTER'S

DOCTORAL

Many Michigan Engineering alumni are involved with talent 
acquisition, helping their companies to recruit engineering grads 
for the workforce. We asked one of them – David Liaw (BSE EE ’08, 
MSE ’10, PhD ’14), the university relationship manager for Northrop 
Grumman Corporation’s southern California region – for his insights 
about today’s job landscape. 

How does the market look for today’s grads?
With unemployment at such an incredible low point, the job market is 
amazing for students. They are getting multiple offers, and they can often 
find one that fits what they’re looking for – whether it’s culture, size, type of 
work, location or salary. That’s a shift we’ve seen over the last 10 years since 
the recession. And STEM talent is heavily desired and heavily needed.

What type of skills are needed to get hired?
The best students are the ones who work across disciplines. Because we 
work in areas like artificial intelligence, cyber-security, machine learning 
and big data, we need people from a broad range of backgrounds, from 
mechanical and aerospace to computer science, you name it. So not just 
looking at your field of study, but people who are able to work with other 
areas on multidisciplinary team projects. And not just engineering, but 
also students in business, schools of information and more. 

What type of candidate really stands out?
The people who stand out are the ones who can work with others – they 
respect other people’s ideas, they can think critically about their own 
ideas and other people’s ideas and they know how to listen.

What tips would you give to entering students?
Understand where your passion is and see how it fits in with where the 
world of tech is going. Taking on complex challenges like AI and big 
data requires fitting all the pieces together. Once you know where your 
passion fits in, you can prepare yourself to harness that and do some good 
in the world.

What is a tip you give to candidates?
Make sure that the projects you’ve worked on, your educational 
background and your personality all show through. And make sure that 
the companies where you’re applying share your passion, because you are 
embarking on a career journey that could last for the next 30 or 40 years 
of your life.

WHERE DO OUR  
GRADUATES GO?

NEW YORK
5%

MICHIGAN
34%

WASHINGTON
9%

CALIFORNIA
10%
TEXAS
3%

OTHER
23%

ILLINOIS
16%

TRENDS IN THE JOB MARKETS

Sources: Michigan Engineering Career Resource Center Annual Reports: 2016–17 and 1956–57; Bureau of Labor Statistics Career Outlook, February 2018
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Michigan Engineering strives to anticipate the global, technological  
and educational changes ahead, and position our institution to lead  
the evolution of 21st-century engineering research and education  

for the benefit of the common good.

RESEARCH EDUCATION CULTURE

We will use a startup 
investment model to spur 
innovative and collaborative 
research to solve grand 
challenges. Three funding 
approaches will be piloted, 
providing early-stage 
investment, mid-level 
investment modeled after 
"angel" investors and high-level 
strategic funding through  
a venture capital model.

We will ensure that every 
Michigan Engineering student 
benefits from an educational 
experience that is among the 
finest in the world. We will 
introduce academic innovations 
consistent with preeminent 
engineering education, 
including new pedagogical and 
technological delivery methods, 
beyond-the-degree experiences 
and access to learning for 
students and professionals 
around the globe.

We will align our promotion 
process, incentives and career 
development with our core 
values to foster a culture 
of daring, leadership and 
inclusivity. Three initiatives 
we will undertake include 
articulating the tenure-track 
criteria, incentivizing faculty 
and staff for activities that are 
creative or daring, and creating 
culture-building activities 
and practices to increase 
understanding and adoption of 
our vision, mission and values.

See more about the vision, mission and values that will enable our strategic plan:  

strategicvision.engin.umich.edu
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BUILT BY HUMANS.
RULED BY COMPUTERS.

The great and terrible consequences  
of an algorithmic world.



n the world of humans, 
Brian Russell is a regular blue-collar guy. Stocky with a shaved head, black-
rimmed glasses and a tightly trimmed Van Dyke, he pulls down steady 
hours at his job installing security systems. Every night, he drives his old 
green Jeep home to a freshly planted subdivision of modest ranch houses 
outside the squeaky-clean West Michigan town of Zeeland. Trucks moan 
past on the freeway out back and the dewy-sweet smell of cut grass follows 
him to the door. His dog, Mischief, his fiancée and their two boys greet 
him. All seems right with the world.

But this world – the one we can see and touch and smell – is no longer 
the only one that matters. Another domain, built by humans but ruled by 
computers, has taken shape in the past few decades: that of algorithmic 
decision-making.

This new world is often invisible but never idle. It likely determines 
whether you’ll get a mortgage and how much you’ll pay for it, whether 
you’re considered for job opportunities, how much you pay for car 
insurance, how likely you are to commit a crime or mistreat your children, 
how often the police patrol your neighborhood. It even influences the level 
of prestige conferred by a U-M degree, thanks to the now-ubiquitous, 
algorithm-based U.S. News & World Report college rankings.

Generally, these algorithms keep a low profile. But occasionally, they 
collide spectacularly with humans. That’s what happened to Russell.

In 2014, a computer system called MiDAS plucked his file out of the 
Michigan Unemployment Insurance Agency database and calculated, 
without any human review, that he had defrauded the unemployment 
system and owed the state of Michigan approximately $22,000 in 
restitution, penalties and interest – the result of a supposed $4,300 
overpayment, plus Michigan’s customary 400 percent penalty and 12 
percent interest. Then, still untouched by humans, MiDAS began to 
collect. It seized more than $10,000 from Russell by electronically 
intercepting his tax refunds in 2015 and 2016. He knew nothing about 
the fraud determination until his 2015 tax refund disappeared.

Russell simply couldn’t afford the five-figure hit to his income. For the 

In many cases, the researchers who helped create the algorithmic 
world have turned their attention to rebuilding it in a form that’s fairer, 
safer and more sophisticated. At times, their work takes on an ironic 
David-and-Goliath quality as they work to hem in the massive entity 
they helped create.

H.V. Jagadish, the Bernard A. Galler Collegiate Professor of Electrical 
Engineering and Computer Science at U-M, has been tapped to lead the 
Center for Responsible Information Technology, a U-M think tank that’s 
now in development. It will aim to help technologists use algorithmic 
systems and other IT advances in a socially responsible way.

“In the early days of any new technology, you want raw creativity and 
bold ideas; you want to make technical progress as quickly as possible. 
As the technology matures and has a greater reach, you have to take into 
account its impacts on society,” said Jagadish. “In the early days of the 
industrial revolution, for example, there was tremendous pollution, but 
over time the need to control pollution became well recognized. Thereafter, 

there has been a lot of technical work to maximize the benefits and 
minimize the harms of industrialization.

“I expect that with algorithms and data science and artificial 
intelligence it’s going to be the same,” he said. “A lot of smart people are 
starting to think about this and over the next several years, we’ll adopt best 
practices that have as little harm as possible for the good they can do.”

Changing the world – any world – is a series of small steps. And 
researchers are just beginning what could be a decades-long journey.

NEW WORLD,NEW PROBLEMS
Some engineers are working to make sure that the data that goes into 
decision-making systems is better parsed and more thoroughly understood. 
Others are working to help non-engineers gain a better understanding of 
the algorithmic tools that shape their lives. And still others have assumed 
the role of cyber-vigilante, testing algorithms in the wild to ensure that 
they’re helping humans, not harming them.

Danai Koutra is working on GeoAlign, a system to make the geographic 

information used in algorithms more accurate.

How do you beat  
something you can’t 

see? It’s like 
swinging in the dark.
What are the laws that 

apply to a computer 
system? And what about 

us humans?

next two years, he made ends meet the best he knew how – he cancelled 
family trips, cut back on medical care for his diabetes, worked odd jobs. 
For a time, he lived in a friend’s basement.

While Russell struggled in the aftermath of the fraud determination, 
MiDAS kept rolling. An algorithm-based administration and fraud 
collection system implemented by the state of Michigan, it ran without 
human intervention for nearly two years between 2013 and 2015. During 
that time, it accused about 50,000 Michiganders of unemployment fraud. 
A 2017 review by the state found that more than 90 percent of those 
accusations were false.

Russell still doesn’t know why MiDAS accused him of fraud. He 
collected unemployment on and off a few years back when he was working 
as a journeyman electrician. Like generations of electricians before him, his 
union filed for unemployment on his behalf when he was between jobs.  
He can’t see the system, can’t touch it, can’t talk to it, can’t ask it why it has 
taken his money. The Michigan Unemployment Insurance Agency hasn’t 
shared any information with him.

“How do you beat something you can’t see?” Russell said. “It’s like 
swinging in the dark. What are the laws that apply to a computer system? 
And what about us humans?”

That’s a question that, increasingly, is troubling the architects of the 
algorithmic world. They’ve dedicated their careers to data, certain that it 
would make life more fair, equitable and efficient. In some cases, it has. 
But as algorithmic decision-making has become more and more powerful, 
some researchers have become increasingly concerned that it’s not living up 
to their vision.

A growing number of people, like Russell, have been harmed by an 
algorithm gone off the rails. Algorithm-based financial systems were found 
to have helped spark the 2008 housing crisis. Residents of neighborhoods 
targeted by predictive policing systems feel besieged by an unending wave 
of police scrutiny. The U.S. News & World Report college ranking system 
has been criticized as distorting academic priorities and raising the cost of 
an education.
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One of those engineers is Danai Koutra, a U-M computer science 
and engineering assistant professor who is working to build a deeper 
understanding of the data that goes into algorithmic decision-making tools. 
From an engineering standpoint, she says, it’s too easy to find a simple 
correlation and use it, without looking deeper to see why that correlation 
exists or how the data behind it might be flawed.

“People are flawed. We make biased decisions,” Koutra said. “And now 
we’re asking algorithms to be better than we are, based on data that we 
produce. That’s an interesting ask.”

MiDAS, for example, relied on a single, simple correlation: discrepancies 
between the data reported by claimants like Russell and data reported by 
their former employers. If an employee and employer reported different 
amounts of income, for example, or different reasons why an employee 
left a job, it was flagged as possible fraud. By default, it was assumed that 
the employee was the one who reported incorrectly with the intention 
of defrauding the system. An automated questionnaire was sent to the 
employee – often at a years-old address – and if the agency didn’t receive it 
back within 10 days, MiDAS made an automatic determination that the 
employee had committed fraud.

Koutra is working to develop systems that handle data in a more 
nuanced way, partnering with Jagadish on GeoAlign, a project that aims 
to clean up the algorithmic world’s geographic data. Present in some 80 
percent of algorithmic datasets, geographic data is a key component in the 
measurement of everything from credit scores to crime rates. Comparing 
how two different variables – say, home ownership and crime rate – shake 
out over a given geographic area is endlessly useful.

But geographic data is notoriously messy, largely because different 
agencies measure it in different ways. How do you compare home 
ownership and crime rate, for example, if home ownership is measured by 
ZIP code and crime is measured by county? 

Mathematically, it might be tempting to assume that crime is evenly 
distributed across the county and simply slice the county map into ZIP 
codes, attributing a given percentage of the county’s crime to each ZIP code 
based on its geographic size. But in reality, crime tends to cluster in certain 
areas. So that approach would almost certainly lead to a faulty algorithm – 
and potentially life-changing consequences for the people affected by it.

GeoAlign takes a more sophisticated approach. It uses what’s called a 
“crosswalk algorithm” to find other variables in the dataset that correlate 
with the ones being studied and are available on a finer geographic level. It 
then uses those additional data points to infer the geographic distribution of 
the data that’s being studied.

It might find, for example, that crime is closely correlated with the 
number of tax-delinquent properties in a given area – and that the latter 
piece of information is available on an address-by-address level. The system 
crunches the variables to determine exactly how closely they hew to one 
another, coming up with a weighted formula that can more accurately port 
geographic data from one unit of measurement to another.

GeoAlign shows that honing the data behind automated decision-
making systems isn’t simple. But as algorithms work their way into more 
and more areas of our lives, there’s less and less room for error. When an 
algorithm recommends the wrong movie, it’s laughable. When it declares 
you ineligible for medical coverage or saddles you with a massive debt? Not 
so much.

“It goes back to understanding what your data is representing,” she said. 
“Data is never perfect, but if you understand how it’s skewed than you can 
build the math to account for that. As powerful as data is, it’s up to us to 
interpret it.”

When I’m looking at 
a box of cereal in 

the grocery store, I 
want to know what’s 
in it, but I don’t 

need to know the 
process that was 

used to manufacture 
it. It’s similar for 

algorithms.

CRACKING THE CODE
But getting the math right is only one piece of the puzzle. If humans and 
algorithms are to play well together, it’s also critical for everyone who works 
with algorithms – not just the engineers who build them – to have some 
understanding of what goes into their decisions and how they affect people. 
People like Russell, for example, need to understand how a system like 
MiDAS uses their data, and how they might be affected by its decisions.

U-M’s H.V. Jagadish and researchers at Drexel University, the University 
of Washington and the University of Massachusetts Amherst are working on 
a National Science Foundation-funded solution that he calls “a nutritional 
label for rankings.” He believes it could make algorithms like MiDAS 
more transparent to both the agencies that run them and the end users 
who are affected by them. Much like the nutrition labels on grocery store 
food packaging, his system breaks down an algorithm into objective, easily 
understandable attributes to rate its fitness for use.

“When I’m looking at a box of cereal in the grocery store, I want to 
know what’s in it, but I don’t need to know the process that was used to 
manufacture it,” he said. “It’s similar for algorithms. The average person 
doesn’t need to know all the details of every algorithm, but they do want to 
know how it uses their data and whether it might harm them.”

While it’s a very new idea, Jagadish envisions such labels being applied 
to algorithms at every step of their use. In the MiDAS example, such labels 
might have helped the state of Michigan better understand how the system 
worked before it was unleashed on the population.

“Often, the person running the algorithm isn’t the person who wrote it, 
and entities like the state of Michigan basically have to take the word of the 
software provider,” Jagadish said. “A nutritional label could give decision-
makers enough information to know what they’re signing off on, without 
requiring them to become experts in the software.”

Once an algorithm is rolled out, the labels could be applied to publicly 
visible parts of the system, for example the parts of the MiDAS system that 
claimants like Russell interact with. This would let the people affected by 
an algorithm get at least a basic idea of how it makes its decisions. It could 
have let Russell, for example, know that even a rounding error made by his 
employer could result in a fraud determination. It could also alert potential 
investigators like journalists, university researchers and private-sector experts 
when flawed algorithms are being used in sensitive areas.

 
RIGGED SYSTEMS? 
There’s one big weakness in solutions like nutrition labels – they assume that 
once a software engineer or corporate IT manager has the facts, they’ll do the 
right thing. And in the algorithmic world as in the human, that isn’t always 
the case.

Algorithm designers have been tilting the field in their favor for decades 
– one of the earliest examples is Sabre, the electronic flight booking system 
that American Airlines rolled out in 1960. Sabre enabled American Airlines 
agents to book flights electronically for the first time, using a system of 
dedicated computer terminals.

A major improvement over the system of push pins and bulletin boards it 
replaced, Sabre made it possible to book a ticket in seconds instead of hours. 
In the 1970s, it was expanded beyond American Airlines and made available 
to travel agents. By the 1980s, travel agents began to notice that the top 
search result was often an American Airlines flight that was more expensive 
and longer than those below it.

Suspicious that American Airlines had rigged its system to bump its 
own flights to the top of the list, the U.S. Civil Aeronautics Board and 
Department of Justice launched an antitrust investigation. American Airlines 

H.V. Jagadish compares his “nutritional labels for algorithms” to the ingredient and nutrition information on cereal boxes. 
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CEO Robert Crandall was brought before Congress. He was surprisingly 
matter-of-fact about the whole affair, owning up to the manipulation 
right away. Why, he argued, would he go to all the trouble of building an 
algorithm if he couldn’t rig it?

In 1984, Congress decreed that Sabre’s code must be made transparent 
to the public, and Sabre and American Airlines finally parted ways 
in 2000. Most algorithms, though, are still black boxes – and these 
days, they control far more than airlines. Naturally, this has compelled 
computer scientists and others to find ways to peek inside. One of those 
scientists is Christo Wilson, an associate professor of computer and 
information science at Northeastern University.

Wilson is an expert in a field called “adversarial testing,” which finds 
clever ways to determine how algorithms work, how well they’re built and 
whether they’re doing a good job of serving humans.

Occasionally, adversarial testers are able to get their hands on an 
algorithm’s source code, in which case they can simply dissect it and identify 
areas where improvements could be made. Wilson recently co-chaired 
a conference featuring a paper that used this method to scrutinize the 
algorithm that underlies PredPol, a predictive policing tool used in 
many major cities.

PredPol uses past crime data to predict which of a city’s 
neighborhoods are most likely to see crime in the future, enabling 
police departments to focus resources on those areas. It has been a 
hit with police departments, but the study found that it creates a 
feedback loop that funnels officers to the same neighborhoods over 
and over regardless of their actual crime rate.

According to the paper, officers find more crime where they patrol 
more and less crime in the areas where they patrol less. And as each 
day’s new crime data is fed into the system, PredPol points officers 
back to the same citizens – often poor and minority – over and over, 

creating an atmosphere of distrust and funneling people into the 
criminal justice system for the most minor offenses, while those in 
neighborhoods outside PredPol’s feedback loop face no such scrutiny.

“There’s something tantalizing about this idea that data is truth, 
that people generate it and it’s an accurate prediction of reality,” 
Wilson said. “But if you talk to a statistician they immediately 
tell you no. In policing data and elsewhere, human error is often 
compounded. But we treat it as if it’s just true.”

The opportunity to dig into a juicy algorithm like PredPol is a 
rare treat for researchers like Wilson. Usually, they must use more 
elaborate methods to kick the code’s tires. In many cases they 
use what’s called a “scraping audit,” writing a script that makes 
repeated requests to a system and scraping data from the results 
that come back. In other cases, they use a “sock puppet audit,” 
which sets up a series of fake user accounts to interact with the 
system and analyzes the results.

Adversarial testing has amassed a solid track record of uncovering 
algorithmic tomfoolery. It has found that Google stacks search results 
in its own favor and uncovered the fact that Uber’s ride-hailing 
algorithm gives preferential treatment to certain neighborhoods.

But, perhaps not surprisingly, algorithm makers and users don’t 
always appreciate the attention of people like Wilson. Fake users and 
automated scripts violate most websites’ terms of service agreements, 
and courts have generally given those agreements the backing of 
federal law. In most cases, they’ve ruled that a terms-of-service 
violation runs afoul of the Computer Fraud and Abuse Act of 1987.

This is a problem for Wilson and his cadre of online vigilantes – 
in fact, he is one of five plaintiffs who are currently suing the United 
States Justice Department with the help of the American Civil 
Liberties Union. They hope to, among other things, decouple terms-

A NUTRITIONAL LABEL FOR ALGORITHMS

U-M professor H.V. Jagadish’s 
labelling system for algorithmic 
systems evaluates their safety 
and effectiveness. It breaks down 
algorithms according to five key 
attributes:

RECIPE: Lists the factors that the 
algorithm considers, along with the weight 
given to each factor by its designer. This 
provides an easily understandable window 
into the designer’s intentions.

INGREDIENTS: Lists the same factors, 
but instead of showing the weight given to 
each factor by the designer, it shows the 
actual correlation of each factor to the 
algorithm’s final output. Put another way, 
the Recipe widget shows intentions while 
the Ingredients widget shows results.

STABILITY: Determines whether slight 
changes in the data going into an 
algorithm can lead to wild and undesirable 
swings in the results coming out. The 
stability score is determined by feeding 
a ranking algorithm, for example, a range 
of hypothetical items and plotting the 
results on a line graph. A steeply sloping 
line indicates more differentiation 
between ranks and a stable graph. A flat 
line indicates an unstable graph — the 
ranks are too close together and could be 
influenced by noise in the data or very 
small changes in the algorithm.

FAIRNESS: Evaluates whether the results 
of an algorithm show statistical parity 
with a given attribute. Using the MiDAS 
example, it could determine whether 
female claimants are flagged for fraud 
disproportionately to men, for example. A 
low fairness ranking could reveal a flaw in 
the algorithm that causes it to treat one 
group differently than another.

DIVERSITY: Related to fairness, shows 
a graphical distribution of both the 
diversity of the overall population in a 
range of categories, and the diversity 
of the algorithm’s results, providing a 
broader view of how different demographic 
groups are handled by the algorithm.

of-service agreements from the Computer Fraud and Abuse Act.
Wilson argues that giving software developers and their lawyers 

the power to effectively write federal law creates an imbalance of 
power between algorithm designers and users that will only become 
more dangerous as algorithms push their way into more and more 
aspects of their lives.

“I suspect things will get worse before they get better because we 
keep moving toward more complex machine learning that’s harder 
and harder to interpret, and it’s becoming commoditized so that 
everyone has access to it,” he said. “There’s a lot of snake oil out 
there, and you run the risk of something awful getting entrenched.”

As for Brian Russell, he’s still in limbo. Some Michigan 
unemployment claimants have gotten their money back, but the 
state has yet to review Russell’s case. They haven’t provided him with 
any information about why he was accused of fraud and fined in the 
first place. With a steady job and marriage on the horizon, things are 
looking up for him, but he believes he’ll have to declare bankruptcy 
to put the tax seizures behind him once and for all. He isn’t counting 
on ever seeing the money the state took from him. In the meantime, 
the Michigan Law Unemployment Insurance Clinic has helped him 
get a cease-and-desist order that prevents MiDAS from seizing any 
more of his money.

The MiDAS system is still running today, though the state 
has made modifications and implemented human oversight 
that it says has solved the problem. Meanwhile, Michigan Law’s 
Unemployment Insurance Clinic continues to review automated 
fraud determinations.

“If I get my money back, that would be great. I meet other people 
around town who have gotten settlements,” he said. “But I try not to 
get my hopes up.”

Led by Steve Gray (center), Michigan Law’s Unemployment Insurance Clinic provides assistance to claimants who have been accused of fraud by the MiDAS system, including Brian Russell.

I suspect things 
will get worse 

before they get 
better because 
we keep moving 

toward more complex 
machine learning 

that’s harder 
and harder to 

interpret…
There’s a lot of 

snake oil out 
there, and you 

run the risk of 
something awful 

getting entrenched.
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Detroit and state officials want this rising interest in robotics to 
continue. Both have enjoyed an economic resurgence in recent years 
that runs the risk of short-circuiting without more workers trained in 
math and science.

Often overlooked pockets of Detroit, like Osborn, may be the 
greatest source of untapped potential Michigan has to offer. Schools in 
those areas often turn to the MEZ, located along Woodward Avenue, 
to get robotics teams up and running.

Osborn is just one example. Detroit currently has 19 high schools 
participating in FIRST Robotics at the MEZ.

 Each has kids willingly diving into the nerd-work of robot 
building at U-M’s facility in a way that, in previous generations, 
might have been reserved for sports teams or school plays. And 
FIRST Robotics rewards that effort with a similar kind of spectacle 
– electrifying competitions that surreptitiously encourage interest in 
math and science.

SHOWTIME
It’s 3 p.m., a mid-April Thursday afternoon in Saginaw.

Close your eyes and you might be at a concert, a professional wres-
tling match, maybe a college basketball game. Open them and it still 
might take a while to realize you’re not.

 Saginaw Valley State’s Ryder Center is rocking right now with the 
noise of thousands of students, parents, teachers all poised to watch a 
video game come to life. Opening ceremonies for FIRST’s Michigan 
state championship are underway and things are … frenetic.

 If you’re just showing up now, you’ll be lucky to park within  
a half-mile of the action. Herds of school buses have staked out 
spaces closest to the facility. This is a three-day event and, for many, 

Small wins like this are visible around Osborn in recent 
years if you take the time to look. And it might be worth a long 
look. What’s happening in schools across Detroit through the 
national FIRST Robotics program has implications for individual 
neighborhoods, the city, the auto industry and Michigan’s economy 
as a whole. U-M’s Michigan Engineering Zone, an incubator for 
Detroit schools’ robotics programs known as the MEZ, is a small 
link between them.

Michigan has embraced the FIRST Robotics phenomenon like 
no other state, with 200 more high school teams than the next 
state, California.

Despite the exploding popularity here, however, Detroit public 
schools historically struggle to match the performance of other 
districts in robotics. A resource gap exists for areas that fall outside 
basic services and programs. 

There have been recent improvements in the district, like efforts 
to bring arts programs back into the curriculum. But when FIRST 
Robotics arrived a decade ago with its new approach to encouraging 
math and science, Detroit was poorly-positioned to take advantage.

VALERIE AND TONY RUSSELL 
ARE ROLLING. 
On a 90-degree day in late May, their SUV cruises the 
streets of Detroit’s Osborn neighborhood, their home.  
Each turn kickstarts a new story culled from a  
decade-plus of patrolling.

If you know Osborn’s reputation, you can guess what some of the 
stories are like. The body, shot dead, set on fire and left to burn in a 
vacant lot near Six Mile Road. The thwarted rape of a 13-year-old girl 
dragged into an abandoned garage on her way to school. And then there’s 
the street the Russells used to live on, where after-dark access used to be 
controlled exclusively by the block’s drug dealers.

“A lot of the young men here are frustrated with a lot of things,” says 
Tony, known as Bishop Russell to those at nearby New Covenant of 
Peace church. He and Valerie command a small army of volunteers that 
patrol the area by car to protect children going to and from school. 

“There is a lot of frustration that drives (crime),” he adds. “A lot of 
broken relationships. Disappointment, dreams that have gone bad.” 

 Outsiders see Osborn as the sum of parts like those. They rehash 
nicknames like Red Zone, Murder Zone and, in a play on the area’s 
48215 zip code, 4821-Die. In 2011, The Detroit News crunched 
statistics and labeled Osborn the city’s “deadliest neighborhood.”

It would be easy to follow numbers down that rabbit hole. But this 
isn’t that story.

The number to focus on here is 6099 – four digits that belong 
to a small group of students at Osborn High School. It’s their team 
number in the growing world of competitive robotics. It’s the number 
they carried with them all the way to the state championships in April 
– something Detroit public schools rarely do.

A lot of the young men here are 
frustrated with a lot of things.  
There is a lot of frustration that drives 
(crime). A lot of broken relationships. 
Disappointment, dreams that have 
gone bad.”

a family affair, evidenced by the RVs and campers popping up in a 
sea of vehicles.

The arena stands are packed with people, grouped together by the T-shirt 
colors of the schools they’re backing. Mascots cruise the aisles while, overhead, 
four massive screens provide video feeds of action on the floor.

 FIRST Robotics touts its events as “the excitement of sports, the rigors of 
science.” The fun and spectacle of it all is a Trojan horse. By the time students 
realize they’re learning, they’re already hooked.

Dean Kamen, inventor of the Segway and co-founder of FIRST, once 
identified the problem he hoped to combat through robotics: large groups of 
children, particularly girls and minorities who, by the age of 12, focused on 
futures in one of only two fields, sports or entertainment. 

“All of their role models come from those two fields …,” Kamen told 
CNN in 2006. “So it seemed to me that we have to go into all of these 
communities around the country and really energize these kids to develop a 
passion to spend a lot of their time developing skill sets that … will prepare 
them for the good jobs, the exciting jobs, the high-paying jobs ….”

 Amidst the noise on the floor in Saginaw, Dennis Martin moves through 
the crowds with two other Osborn High School teens, all in their yellow 
MEZ T-shirts. He is Team 6099’s only senior and, perhaps, the kind of kid 
Kamen had in mind.

 Earlier in his high school years, Dennis will tell you, he was a quarterback. 
It’s clear he sometimes wishes he still was, but grades and life intervened. He’s 
here now and, today, he’ll be driving the Osborn Knight Riders’ robot, Kitt 
Jr., once matches get underway.

 “It’s like a sport and, for people who give all their time and effort to it 
building these big things, it’s like a blood sport,” he jokes ahead of the team’s 
first match. “These guys are aggressive. And aggressive nerds are scary.”

 Humor is a big part of Dennis’ infectious personality, something 

Bishop Tony Russell drives through the neighborhood surrounding 

Osborn High School in northeast Detroit. He leads a volunteer 

group, Maintaining a Neighborhood (MAN), dedicated to 

supporting the community. Organization members patrol the area  

to help ensure the safety of children going to and from school.
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he uses to pump up his younger teammates. Had things turned out 
differently, he might be running a huddle on a Friday night. On this 
day, robotics provides the playing field and it’s giving him a glimpse at 
opportunities he might not otherwise have seen.

 “This is … nah, it’s not the same (as football). This is, like, 100 
percent mental, nothing physical. So you’ve got to be locked in up 
here,” Dennis said, pointing to his head. “And you have to know the 
technicalities of the rules. If you don’t know the rules, then it’s game 
over every time.”

Dennis is extremely hard not to like and root for. But today, he’s 
two months from graduation and remains unsure of what he’ll do after. 
Looking around the facilities at Saginaw Valley State, he says: “Some-
thing like this wouldn’t be bad.”

 THE LEARNING LAB
Rewind a bit. It’s 6 p.m., a late-March Tuesday night in Detroit’s Midtown.

A few blocks south of here, early Red Wings fans are crowding 
the bars ahead of a matchup with the defending Stanley Cup 
champs from Pittsburgh. Nayah Daniel, however, is caught up with 
a practical problem. 

The 18-year-old sits cross-legged on the floor beneath a workbench 
in the MEZ. She’s puzzling over how best to improve the lifting 
ability of Cass Tech’s robot, which clamps wheels on opposite sides of 
a box to roll it upward.

 She doesn’t puzzle long.
 “The problem we had at our last competition was with the wheels 

gripping the boxes,” Nayah says from behind a pair of safety glasses. 
“So, we’re tripling the number of wheels to have more stability.”

 Around her, every inch of the MEZ’s 5,200 square feet of first-floor 

space is alive with activity. More than a half-dozen local high school 
robotics teams are here tonight ahead of district FIRST competitions 
that get underway in Livonia and Troy in less than 48 hours.

When Michigan Engineering opened it in 2010, the MEZ hosted 
a dozen teams total. This year 19 high schools are using the facility. 
Students get the run of the place with access to workbenches, tools, 
supplies and, most importantly, mentors. Roughly 2,000 kids have been 
part of this since it started.

Nayah is Cass Tech’s latest success story borne out of a partnership 
with the MEZ. She’s graduating in June, headed to the University of 
Michigan with scholarship assistance to study naval architecture – an 
interest, she’ll tell you, that came from her love of action movies.

Nearby is Wayne Lester, a Cass Tech grad, MEZ mentor and example of 
what could lie ahead for the kids here. Several weeks from now, he’ll leave 
U-M with a master’s degree in space systems engineering, heading off to a job 
with Lockheed Martin in Washington, D.C.

 By comparison to Cass’ decade-old team, Osborn’s program is just getting 
started – technically in only its third year. An earlier robotics team at the high 
school dissolved. But Rockpointe Community Church of Sterling Heights 
has stepped in as a sponsor and, with the help of the MEZ, has the program 
flourishing in a short time. 

With a new classroom dedicated to robotics on the way, Osborn is now 
a MEZ graduate program – no longer needing its on-site facilities but still 
receiving financial support and technical assistance when needed.

Not every Detroit school has a partner like Rockpointe. Thomas Reisner, 
while in his first year overseeing Osborn’s team, has three decades teaching in 
the school district and a unique understanding of the hurdles it faces.

 “Years ago, all of the vocational tech programs were taken out of 
the local high schools and moved to the vo-tech centers …,” he said. 

We didn’t have to be located in Detroit, but the only way this 
program could be successful was to be here in the city. If we took 
this laboratory, moved it to Ann Arbor and invited the same 19 
schools to participate there, it just wouldn’t happen.”

Nayah Daniel, a senior at Detroit’s Cass Tech High School, talks about her team’s robot with Wayne Lester, a recent U-M space systems engineering graduate, at the Michigan  

Engineering Zone. Lester, a Cass alumnus, mentors several teams, but has been particularly helpful to Daniel – encouraging her to apply to U-M and participate in programs that  

he benefited from while in Ann Arbor.

Above, Dennis Martin looks for his friends during the Independence Day fireworks show in Detroit’s Hart Plaza. Having attended multiple schools in recent years, he has friends scattered across the 

city and has learned how to adjust to his environment. In 2018, he found a new role as a vocal leader and driver on the Osborn High School robotics team (below).  
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“Then, when DPS started getting into FIRST Robotics, there were no 
workspaces left in the high schools.”

A well-funded school can feature teams with dozens of students, 
practice spaces and multiple robots. Some operate robotics programs 
through participation fees.

That’s far from Osborn High School’s reality.
“There is a suburban team, where it costs a student who wants to 

be a member ... in excess of $600 a year to be a part ...,” said Julian 
Pate, a retired Ford engineer and director at the MEZ. “If we were 
to put a dollar requirement on our students to participate, the room 
would be empty ....”

It’s why the MEZ exists, and why it’s here in Midtown.
 “The program was developed in Detroit to ensure access to FIRST 

robotics opportunities for the high school students of the city,” Pate 
said. “If this laboratory was located in Ann Arbor and we invited the 
same 19 schools to participate, it just wouldn’t happen.”

A RACE FOR TALENT
Back in Saginaw, the national anthem at the state championship is just 
minutes away and Craig Stephens takes the floor. He’s chief of powertrain 
control research and advanced engineering for Dearborn-based Ford 
Motor Co., a major event sponsor. His employer, and the rest of Detroit’s 
auto industry, have a vested interest in what’s happening here.

 Detroit and Silicon Valley have been in a battle for talent over 
the past decade as each attempts to become the hub for autonomous 
vehicle development and production. Maintaining a seat at the 
head of the technology table, however, requires more engineers than 
Michigan currently has.

 A year ago at this time, General Motors CEO Mary Barra, an 
electrical engineer herself, announced a series of national initiatives to lure 
students into computer engineering.

“By expanding and improving access to STEM education, we’re 
developing teachers’ and students’ capabilities – and it’s my hope 
those students become graduates who are equipped to join us in the 
technical fields required to lead in the future of mobility,” she said 
during the rollout. 

 The need for new blood in Michigan’s engineering pipeline is the 
reason Stephens is on hand today and one reason why Ford has become a 
major sponsor of FIRST and the MEZ.

 “The competition really mirrors the kind of things we do every 
day ...,” Stephens tells the crowd. “We are about to enter a new age of 
robotics where they are going to be able to see, they’re going to be able 
to understand their surroundings, plan a course of action and then 
take that action.

 “That’s what autonomous is all about.”
It’s not just the auto industry that is in need. Michigan Gov. 

Rick Snyder’s two-term run ends in January, and he is credited with 
marshalling an economic turn-around for the state. After what he 
described as a “lost decade” to start the 21st century, Michigan now ranks 
first in the creation of manufacturing jobs and sixth in terms of creating 
private sector jobs overall.

For years, Snyder has warned this could all come to a halt if 
Michigan is unable to keep providing employers with properly-
trained workers. Roughly 811,000 jobs in IT, computer science, 
manufacturing and healthcare, most requiring specialized skills, are 
expected to be created by 2024.

Earlier this year, Snyder, unveiled his Marshall Plan for Talent –  a 

multi-tiered approach to home-growing and recruiting workers with 
skill-sets for the new economy. He has also been a staunch supporter of 
First Robotics as means of setting students on a path to get those skills.

“FIRST is something that is an opportunity, first and foremost, to 
learn about science, technology, engineering and math ...,” Snyder said. 
“That’s their first exposure to hands-on engineering, and it’s working.”

 Jacob Durrah (BSE EECS ’17) is proof. A few years ago at this 
time, he was wrapping up his senior year at Detroit’s Finney High 
School. Twelve months back, he was walking at U-M’s commencement 
ceremony with a degree in computer science and engineering.

Today, he’s finishing up his sixth month with Ford in the 
automaker’s college graduate program. After taking a rotation on the 
F-150 assembly line, he’s now working with the connected vehicles 
and services team.

 It all started when Jacob’s teacher used a trip to the MEZ to lure 
him onto Finney’s robotics team.

 “From that day on, I was hooked,” he said. “It started off with 
me realizing that I can be an engineer – that I do have these critical 
thinking skills that can be developed.”

THE INNER ENGINEER
First round matches are about to get underway, so freshman Donald 
Lewis is leading Osborn’s team and Kitt Jr. to the arena. Today, the 
entourage consists of just three students since half are unable to attend 
the opening for various reasons. Reisner and Rockpointe mentors Mike 
Aubry, Ken Lamers and Thomas Paonessa are along for support.

 Ja’mon Miller brings up the rear. Both Resiner and Dennis will tell 
you that 17-year-old sophomore Ja’mon has a gift for robotics.    

 “He can be the foundation of our program for the next two years,” 
Reisner said. “He’s our technician. He handles everything.”

 While other teens may struggle to muster enthusiasm for science, 
that’s never been a problem for Ja’mon. In recent years, he’s also dis-
covered an aptitude for math.

 He’s evidence that the homegrown talent Michigan needs is here. 
Yet school and community leaders say kids aren’t likely to seek out 
engineering unless they’re shown what it is.

 “Once I got into FIRST, I just knew engineering had to be my 
thing – like I have to be an engineer,” he said. “... My inspiration is 
Elon Musk. Elon Musk is the best, if you didn’t know. Him and Neil 
deGrasse Tyson, of course. They are the coolest people in science. But 
I want to grow up and be able to revolutionize the tech industry or 
the engineering field.”

Ja’mon is the kind of kid that gives hope to Quincy Carter back in 
northeast Detroit. As director of the Osborn Neighborhood Alliance, 
Carter bristles at the media’s coverage of the community – focused on 
crime while ignoring all that’s happening to make it a better place.

 That negative imagery contributes to the cycle of hopelessness and 
gives kids no incentive to stay and fight for their neighborhood.

 “A lot of times, Detroiters, or kids in the city, are always taught, 
work hard in school and high school, then go to college and never 
come back ...,” Carter said. “So how do we change that narrative and 
say ‘You get your knowledge, you come back to help rebuild?’”

And the MEZ is often the first step in getting kids that knowledge.
“We are committed to enriching the educational experience of Detroit 
students and igniting a pool of talent that may, otherwise, remain 
untapped,” said Jeanne Murabito, a MEZ founder and executive 
director of student affairs for U-M’s College of Engineering. 

It’s like a sport and, for people who give all 
their time and effort to it building these big 
things, it’s like a blood sport. These guys are 
aggressive. And aggressive nerds are scary.”

Martin pilots the team’s robot, Kitt Jr.,  

along the course at the FIRST Robotics 

Michigan State Championship.
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“It’s our role to serve and inspire the broader community to benefit 
the common good. Through the MEZ, we instill knowledge of the 
types of STEM careers that are available and the self-confidence for 
students to realize these goals are within their reach.”

DETROIT TAKES THE FLOOR
If you don’t know what you’re watching, a FIRST Robotics match can be 
just … bewildering. Each match has six teams involved, with three schools 
teaming up per side. The objectives and rules of the game change every year.  

Fortunately, Reisner is in the stands offering a tutorial as the game 
gets underway.

This year’s competition had students construct robots to move and lift 
boxes in what looks like a giant Mario video game. Boxes, or “power cubes,” 
can be placed up high atop a scale or on lower areas called switches.

Teams compete to keep the scale and switches tilted in their direction 
for as much of the two-and-a-half minute match as possible.

Each match starts off with 15 seconds where robots must operate 
autonomously. And in the final 30 seconds, robots can earn points by 
climbing the scale.

When their first match gets underway, the Knight Riders have 
trouble immediately. Kitt Jr. moves into the playing space for the 
autonomous sequence, but quickly comes to a halt. It sits frozen in 
place for 15 seconds ‒ a penalty for not having autonomous capability 
‒ while other robots scuttle around hoisting cubes onto the scale and 
placing others into the switches with surprising precision and speed Kitt 
Jr. just doesn’t seem to have. 

Osborn’s robot gets moving again at the 30-second mark and the robot 
drops its first box into the nearest switch receptor. Standing behind the 
plexiglass enclosing the game area, Dennis tries to send his robot to the 
further switch, but is caught behind a teammate robot and forced to wait as 
more seconds tick by.

 At 45 seconds gone, the robot can move again and Dennis sends it to 
the far end of the game area. He manages to pick up and place a second 
cube into one of the switches, but half the game has slipped by at this point.

A third cube goes into the far switch and Dennis moves toward a fourth 
with just 45 seconds left. An opponent sitting a dozen feet away sees what 
he’s up to and moves quickly to block, wedging its robot between Kitt Jr. 
and the switch. It leaves Osborn’s team with nowhere to go as the clock 
shows just 40 seconds left.

In the stands, Reisner watches, arms folded and narrating with the 
even teacher’s tone he always uses. If this match ended right now, it 
would be a slight disappointment. But he’s waiting for something.

With 35 seconds left, Dennis makes his move. Kitt Jr. drops the 
cube it’s gripping and rolls back toward the other side of the game  
arena. It pulls in front of the scale, next to a teammate robot from 
Lapeer County. The announcer calling the match notices it too.

“Their partner, 6099, coming up with them,” he says. “That’s the 
Knight Riders out of the Motor City.”

Kitt Jr. extends a pair of arms over its head, reaching to clamp the 
edge of the scale above. In the stands, Reisner is already calling it. 

“Yeah,” he says with a smile, “we can climb.” 
Kitt Jr. hoists itself off the floor, quickly and smoothly, with 11 

seconds to go. Its partner does the same. Both hang on until the clock 
expires, garnering additional ranking points.

It’s not a come-from-behind victory. In fact, it’s not a victory at all. 
This isn’t that story either.

The Knight Riders and their teammates have lost convincingly, 
484–226. Osborn will go on to finish the three-day competition 
ranked 159th of the 160 teams here.

 Right now, though, that matters little. After their first match, the 
Knight Riders are ranked among the top quarter of teams here. In just 
its third year, Team 6099 has arrived.

Back in the pit area, ahead of the second match, there are visitors – 
finally some familiar faces in an ocean of strangers. The MEZ’s Julian 
Pate and Ayana Davis are here. There are hugs, and a recounting of 
the contest that just took place. The Knight Riders have a cheering 
section of their own for the rest of the day.

OFF THEY GO
Fast-forward again. It’s 8:45 p.m., May 9, in Detroit. A different part 
of Midtown.

The annual end-of-year banquet for MEZ teams and their families 
is winding down at the Michigan Science Center, but there’s time for 
one more photo op. As is tradition, the MEZ’s graduating seniors come 
onstage to tell the audience of nearly 300 where each is headed next 
year. And 31 kids head toward the dais to share their news.

Several will go north to places like Michigan State or even further 
north to Michigan Tech. Some, like Nayah seated at a rear table, will go 
to Ann Arbor. Others are headed out of state.

Near the end of the line, Dennis steps up and takes his turn. In 
April, he’d been unsure of what lay ahead – if college was in his future 
or not. Tonight, it seems, he knows more than he did then.

“My name is Dennis …,” he says with his characteristic smile.  
“I go to Osborn High School. And I will be attending Central  
State University.” 

With Dennis, that’s 31 of 31 MEZ seniors heading off to further 
their educations.

A VIOLENT SHOVE
Gauze and bandages cover the right arm, knuckles to elbow, courtesy of 
the bullet that passed through 72 hours ago. Another round clipped the 
tip of Dennis’ right pinky. A dressing on the left side of his chest hints 
at shrapnel embedded beneath.

I have this little phrase that I say, 

especially with the (young people) ... 

Don’t get 40 and frustrated. Because 

I’ve seen so many that wind up 

frustrated when people realize,  

‘Man, I missed these opportunities.’”

His back sports another dressing, centered an inch to the left of 
Dennis’ spine. That bullet broke several ribs.

Life gives some people gentle nudges to find their path. Dennis just 
got a violent shove. A July 13 visit to a neighbor ended with Dennis in 
the crossfire of an attempted robbery and his friend dead.

Before that night, Dennis’ ambitions from the banquet had stalled. 
He didn’t graduate with other Osborn seniors, needing summer 
school to tie up loose ends. But as weeks passed, getting a GED 
seemed more likely.

Experiences with the MEZ and First Robotics brought ideas – hopes 
of getting into computer marketing and data harvesting – and that 
alone put him ahead of many peers.

Some are forced into adult roles early, caring for older or younger 
family members. Others are called to contribute to the household in-
come, preventing them from dreaming beyond what they already know.

“They don’t think they have options ...,” said Pashawn Johnson, 
Osborn’s principal. “They think, ‘I just want to graduate and work at 
McDonald’s. I just need some money right now.’”

That cycle repeats if not disrupted. And the MEZ, she said, disrupts 
by showing students what could be.

Without it .... From his vantage point driving the streets of Osborn, 
Tony Russell has seen where that pathway leads.

“I have this little phrase that I say, especially with the (young 
people) ...,” he said. “Don’t get 40 and frustrated. Because I’ve seen 
so many that wind up frustrated when people realize ‘Man, I missed 
these opportunities.’”

A week after the shooting, Dennis is out of the hospital with much 
to sort out. There is a chance for him to complete his school require-
ments online. He plans to graduate and pursue college.

These are things Dennis has said before. But the loss of a friend and 
the inches that separated him from death or paralysis have introduced 
something new: urgency.

“It was almost gone completely, my whole life ...,” Dennis says.  
“I felt like I didn’t do much in the time that I had ... before this 
happened. It could have been over, you know?

“So now I feel like I want to do something while I’m here.”

Dennis Martin lays in a bed at Detroit Receiving 

Hospital days after being shot three times. 
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PUTTING THE AI  
IN AVIATION
Persuading a field to face its future



STORY BY: KATE McALPINE

omewhere, in a parallel universe, there is an 
Ella Atkins who happily does her research on 
autonomy in aerial vehicles, licenses software 
to aircraft companies and generally makes 
airspace a safer place.

In our universe, aerospace hasn’t been 
ready for her. Just doing her research has been 
a struggle. But she’s not one to succumb to 
prevailing winds.

“She is strong-willed in a good way,” said 
Ed Durfee, a professor of computer science and 
engineering at U-M, recalling Atkins as a PhD 
student. “She had direction, she had purpose, 
she had strong opinions as to how to do things, 
and she was very good at digging deeper 
into her rationale. She was very often able to 
convince us that her idea was worth pursuing.”

From graduate school on, the aerospace 
engineering professor has had to keep making 
her case both in academia and in government. 

There are changes coming to aerospace whether we like it or not, both in 
the form of increasingly autonomous airplanes and in the proliferation 
of unmanned aerial vehicles. Done right, autonomy has the potential to 
raise the already high standard of safety in the skies, she believes.

Still, she thinks about it sometimes, the status she would have had 
if she had spent her time pursuing the incentives of academia. But in 
this, too, she’s been ahead of her time: changes are afoot in leading 
universities to encourage professors to choose paths more like Atkins’.

As one of U-M’s early efforts in this, President Mark Schlissel 
introduced a new honor in 2017: the President’s Award for National and 
State Leadership. Atkins was one of two inaugural recipients.

“Professor Atkins has more than a decade of engagement with 
aerospace committees and posts at the national level, including NASA’s 
Jet Propulsion Lab and the National Research Council,” Schlissel said.

For Atkins, this engagement was not merely dutiful. It was necessary. 
She wanted to realize the potential to improve flight safety through 
autonomy, and she has had to fight on two fronts: regulation and 
education. In another parallel universe, she might be winning. But in 
this one, she’s had to throw every ounce of her weight just to nudge 
aerospace in the right direction.

TAKEOFF 
Like many aerospace engineers, Atkins became interested in planes as a 
kid. Living near military practice airspace, she saw more than just the 
run-of-the-mill airliners. She earned her bachelor’s and master’s degrees in 
aeronautics and astronautics engineering from the Massachusetts Institute 
of Technology and moved to California, taking a job in industry.

After six years of learning about airplanes, she decided it was time to 
learn how to fly one, taking lessons from instructor Cindy Rice.

“We flew everywhere, ranging from Palm Springs for dinner to Long 
Beach – a crowded airport to various places in the desert to just practice 
landings,” said Atkins.

At the time, she carried a hard copy of the Federal Aviation 
Administration (FAA) rulebook FAR/AIM (Federal Aviation Regulations 
and Aeronautical Information Manual).

“I thought it was like the dictionary. You just look stuff up,” she said. 
She didn’t yet understand that the world around the FAA was changing, 
and these rules wouldn’t be able to keep up.

She did, however, recognize her own limitations. As a single pilot 
in a single-engine aircraft, she had a lot to think about if something 
went wrong: where to go, how to keep the aircraft from stalling on the 
way, how to land in spite of the problem. She became interested in how 
software could help in these situations.

By this time, in the early 1990s, commercial aircraft had been 
transitioning from hydraulic controls to electronic fly-by-wire systems. 
While you’d need a full-on robot to handle hydraulic controls, a 
computer was already sending the electrical signals on the newer planes. It 
would just need to be smarter. She wanted to design autonomy that could 
handle problems as well as ordinary flights.

And she wasn’t happy as a workaday engineer, clocking off at 5 p.m. 
and leaving the puzzles behind. She wanted to keep thinking and talking 
about them, and she wanted to be around others who felt the same. So, 
she applied for a PhD in computer science.

In 1993, she came to U-M to study under Durfee and Kang Shin, 
the Kevin and Nancy O’Connor Professor of Computer Science and a 
professor of computer science and engineering. Together, Durfee and 
Shin co-advised students interested in real-time intelligent systems, with 
Durfee bringing the AI and Shin focusing on speed.

Ella Atkins, professor of aerospace engineering, has a clear vision 

of aviation’s autonomous future. The trouble is, it’s radically different 

from the past. Left: Atkins solders a custom kill switch circuit for 

research multicopters. Right: Atkins helps launch the first fixed-wing 

flight at M-Air, the outdoor fly lab on North Campus.

I realized that even somebody 
who tended to make the right 
decisions when they flew 
could get into situations that 
they couldn’t escape.
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often than a trained human pilot? Aviation has been unwilling to ask 
that question seriously. While we all appreciate that the road is full of bad 
drivers, we put pilots on a pedestal, said Atkins.

Some pilots, like Tammie Jo Shults, who landed Southwest flight 
1380 after an engine exploded and blew a hole in the fuselage, remain 
composed and skillful in the face of disaster. But many black box 
recordings also reveal panic and confusion in the cockpit before crashes.

“Those people are not going to save the day. In fact, autonomy needs 
to save them from their airplane,” said Atkins.

Airplane manufacturers don’t have much in the way of incentives 
for improving safety. In the U.S., Atkins says, juries are likely to punish 
an aircraft manufacturer if an older plane crashes because it didn’t have 
a feature that its new planes have. So if they add the new feature, they 
also need to consider the cost of retrofitting their older planes that are 
still in service.

She is encouraged to see Airbus pushing automation with 
technologies akin to driver assist, but nothing like the emergency landing 
planning software that she and colleagues at NASA (the National 
Aeronautics and Space Administration) have developed is currently 
available on commercial airplanes. However, emergency landing aids 
may soon crack the amateur pilot market with the rise of tablet apps 
for flying. And emergency landing software will be critical to safe, 
autonomous drones.

 
PILOTLESS FLIGHT
While Atkins was originally inspired to improve the safety of flights 
with humans onboard, her thesis opened a new avenue. During her 
dissertation research, she got hooked on remote-controlled flight, and to 
this day, she continues to use these vehicles to test her research group’s 
control algorithms.

Late afternoon in the François-Xavier Bagnoud Building, or FXB, on 
May 24, 2018, Atkins’ students gathered in the atrium. They cordoned 
off a space about fifteen feet square, where they tested how well their 
quadcopter can return to a place where it has been programmed to 

hover. They exchanged wisecracks and quips while calibrating the 
equipment and taking their places – two at the computers, two holding 
tethers connected to the quadcopter, and one on the remote control.

 The quadcopter knew where it was with the help of four cameras on 
stands, about 10 feet up in the air. GPS isn’t accurate enough for what 
they plan to do with the drones: fly five in formation, carrying power 
tools for a roofing experiment later in the summer.

 “If a small quadcopter falls, it usually won’t send anyone to the 
hospital,” said Atkins, explaining why they’re choosing the complications 
of formation flight. A single drone big enough to carry a nailgun could.

Even flying a relatively small quadcopter, with rotors about six inches 
across, the students were safety-conscious, following a protocol of calls 
and responses.

Then, Owen Marshall, holding one of the tethers, gave the 
quadcopter a tug. Displaced a foot or two, the quadcopter brought itself 
back to where Matthew Romano, at the controls, had placed it.

“Aw, yeah, it works!” Romano crowed.
Atkins called for a tougher test, and Marshall put his body into it, 

yanking the copter about four feet while Mia Stevens stepped in to keep 
slack in her tether.

“You can protect your partner, but you can kill yourself,” Romano 
observed. Yet the quadcopter stopped heading toward Marshall as soon 
as he stopped pulling. It wasn’t in a rush, but it made its way back to the 
spot where Romano had stationed it.

Indoors after hours, over farmers’ fields or in military airspace, Atkins 
is used to testing flight algorithms wherever she can. When she started 
out, she followed the rules for model aircraft hobbyists. She and her 
students flew at designated airfields or over the agricultural fields at the 
University of Maryland, near Washington, D.C., where she started as 
an assistant professor in 1999.

Then 9/11 happened, and regulation of aircraft near Washington, 
D.C., tightened. She could no longer fly her Cessna from the grass 
strip runway in her backyard without special permission from air 
traffic control.

“Between the College Park airport closing and our peaceful grass 
strip runway no longer being a simple place to punch a hole in the sky, I 
recognized that aviation was changing,” she said.

Model aircraft were also suspect, as drones were already established 
military weapons. Even now, Atkins prefers to use other terms, like 
unmanned aircraft system (UAS). She and her students had to drive 
about an hour away from the university to run tests. If something broke 
in the first few minutes, it was a huge waste of time.

So she got out of the DC area. She was hired in as an associate 
professor at the University of Michigan in aerospace engineering. Soon, 
she took on the project “Flying Fish,” funded by the Defense Advanced 
Research Projects Agency (DARPA). The autonomous pontoon boat 
with a seven-foot wingspan ran its sea trial for DARPA officials off the 
coast of Monterey, Calif., in 2007.

It was a roaring success – the boat took off and landed 22 times on 
the undulating surface of the Pacific. Atkins and her colleagues were happy, 
DARPA was happy, LiveScience did a news story on the experiment, and 
when the FAA saw the news story, they were … not happy. Apparently, 
even with land out of range for the battery-powered plane, they needed a 
Certificate of Waiver or Authorization.

Atkins and her students work in the Autonomous Aerospace Systems (A2SYS) Laboratory. They develop software to enable safe, autonomous flight in 

conventional fixed-wing aircraft as well as newer multicopters.

A year into her studies, Atkins received news that Rice had died, 
caught by a waterspout off the coast of San Diego while flying a  
cargo run.

“I realized that even somebody who tended to make the right 
decisions when they flew could get into situations that they couldn’t 
escape,” said Atkins.

Atkins’ predecessor under Durfee and Shin, David Musliner, had 
designed a generic architecture for real-time intelligent control. Her 
mission was to improve its ability to handle unexpected situations and 
apply it to aircraft.

“A big chunk of the work Ella did was designing for what happens 
as capabilities of an aircraft degrade, operating within the limits of the 
available processing power, sensors and actuators,” said Durfee.

Here, her piloting experience merged well with the needs of real-time 
systems. If the system has too much to do, it needs to slow the world 
down. When a pilot needs time to think about how to land missing one 
engine, or with some of the wing flaps not working, he or she can slow 
the world down by circling. Or if the world can’t be slowed down, as in 
a case when an aircraft has no functioning engines, the computer has to 
quickly decide which ongoing tasks to ignore, instead focusing its limited 
time and resources on landing safely.

 
STALLING
 Atkins develops software that, unlike conventional autopilot, can 
overcome problems. Autopilot already handles routine climb, cruise 
and descent, but it can’t navigate abnormal situations like storms or 
equipment failures. Faced with a challenge, conventional automation 
hands control to a human.

The resilient autonomy software developed by Atkins and her 
colleagues is more self-reliant. It can look at the data from onboard 
databases, the cloud and its sensors. It can test whether components are 
behaving as expected and change plans accordingly. But, as with a human, 
there’s no guarantee that it will make the right decision every time.

The crucial question is will the software make the right decision more 

Now people without skill or 
appreciation of the dangers 
can pull a drone out of their 
backpack or car trunk and fly 
wherever they want to.
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Unshielded propellers made of carbon fiber – if they fall from the sky, they 
can kill if they’re over someone. No question in my mind.”

And unlike the earlier days of the hobbyists, when remote pilots had to 
be reasonably skilled to avoid crashing their planes, autonomy managing the 
motors has made off-the-shelf quadrotors relatively easy to fly.

SAFETY NET
U-M’s rules on flight are more restrictive. In order to protect humans and 
still enable convenient outdoor flight testing, U-M built M-Air on North 
Campus, putting the finishing touches on early this summer.

It is an enclosed space – four stories high, and with about half the 
footprint of a football field – so it doesn’t matter that they operate near 
the U-M hospital helipad. They can test without tethers even though 
there are roads and sidewalks just a few feet away. It’s rigged with lights for 
night flights, and they can mount tracking systems like the one they used 
inside FXB. The walls and ceiling of netting expose drones to all manner 
of weather, but there’s a pavilion to shelter researchers when they run 
experiments in the rain or under the hot July sun.

Atkins and Peter Washabaugh, a professor of aerospace engineering, 
championed M-Air in part to provide a safe place for students to test out 
their ideas. James Ashton-Miller, Associate Vice President for Research Policy 
and Compliance and also the Albert Schultz Collegiate Research Professor 
& Distinguished Research Scientist in mechanical engineering, helped to 
shepherd the project toward approval.

Ashton-Miller had this to say of Atkins: “Her integrity and characteristic 
frankness were vital as the committee debated not only safety, but also legal 
and regulatory issues for the individual and University.”

Maya Kobersy, Associate General Counsel at U-M, added that Atkins 
helped to test the site, ensuring that the noise would not pose a problem for 
the neighboring buildings. This highlights another of Atkins’ virtues: She’s 
happy to do the legwork needed to get the job done.

 
REACHING OUT
If Atkins has learned anything from her challenges with the FAA, it is 
that exchange among technologists (like herself ), operators (like pilots), 
and regulators is critical. So when the National Academy of Sciences 
looked for groups of experts to draft recommendations for NASA, she 
accepted their invitations.

The first report, on NASA’s aviation safety research, was released in 
2010. The big problem? NASA technologists were running into the 
same wall Atkins had: You can develop a great new safety feature, but 
no company incorporates it into an airplane without demand from 
customers or pressure from regulators.

The second report, released in 2014 and which Atkins describes as 
more fun, was an imagining of the future of autonomy in civil aviation.

“It was almost a blank page to allow us to identify critical areas 
where new research for increasingly autonomous systems should be 
instigated and followed through to maturity,” said Atkins. “The people 
around the table ranged from aerospace engineers to computer scientists 
to human factors experts to pilots and lawyers. It wasn’t a huge group, 
but the idea was balance.”

They agreed on four top-priority research areas, the two most 
relatable being the behavior of adaptive and nondeterministic systems 
(or what is your computer pilot going to do in different situations?) and 
operation without continuous oversight (or figuring out when you can 
trust the computer pilot).

Atkins fought hard for the latter. The regulatory assumption 
has been – and still is – that a human operator must manage an 
autonomous vehicle. The UAS has to be within line of sight. But 
for a future of urban air taxis like companies such as Airbus and 
Uber Elevate propose, or even low-risk scenarios like overnight crop 
monitoring, we’re going to have to let the computers off the leash.

In addition to raising the importance of human-independent 
operation, she was able to craft this section of the report.

“If you’re willing to do work – as opposed to just chatting – and 
the committee agrees with you, you can contribute text directly,” 
she observed.

And so she disappeared for a few hours, emerged with the draft, 
the group made some revisions, and that was that. The report has been 
downloaded more than 4,200 times.

Now she is in the quiet phase of working with the National Research 
Council, reviewing reports, but if they tap her to lead in the coming 
years, she intends to step up.

 
ROOM FOR AUTONOMY
Atkins is a firm believer in computer programming as a core 
competency of modern aerospace engineers. When she arrived at the 
University of Maryland, they were ready for her. They knew they 
were hiring a computer science PhD, and they expected her to start 
computer science courses. And she did: she developed an aerospace 
computing course for freshmen as well as a flight software course for 
juniors. Both are still requirements.

Things were different at Michigan. Part of the problem, Atkins later 
realized, was the generic first-year engineering curriculum at Michigan. 
A freshman aerospace computing course was impossible, and with only 
three years’ worth of flexibility, the department was locked into its 
required courses.

She developed an accelerated computing course for freshmen, 
but it mostly serves computer science majors. She has succeeded in 
establishing flight software systems as a technical elective, and she is 
still pressing to make it a requirement.

Facing a relentless series of regulatory and institutional challenges, 
it would be easy to become resentful. Yet Atkins recounts it all with 
humor (some wry), empathy for why the status quo is what it is and 
gratitude, even, for the challenge of bringing ideas to a table that 
didn’t always have a place for her. She has an easy smile and enjoys 
the whimsy that her students bring to the lab, such as the “Disco 
Machine.” This large octocopter is fitted with bumpers of white plastic 
tubing for safety – and inside the tubing, her students are adding a 
string of lights for more spectacular night flights.

It helps that the students who do learn from her recognize that 
developing increasingly autonomous systems is critical to the future of 
aviation.     

“Professor Atkins’ work builds an essential bridge between 
computer science and engineering and aviation,” said Pedro Di Donato 
(MS Robotics ’16, PhD Aero ’17), now a Regulation Specialist in 
the engineering division of the Brazilian National Civil Aviation 
Agency. “This bridge between different research fields is fundamental 
considering that a modern airplane has millions of lines of code. 
I thank Professor Atkins for expanding my horizons beyond more 
‘classical’ aerospace areas such as flight dynamics, structures and 
controls.”

Swee Balachandran (MSE AERO ’13, PhD ’16), now an engineer 
at NASA Langley, said, “She instilled in me the idea that algorithms 
and software architectures can help oversee the execution of complex 
aerospace systems and provide real-time decisions to make them safer.”

But if there isn’t enough room for autonomy in aerospace, Atkins 
has found that there is plenty of room for aerospace in robotics. She 
helped develop Michigan’s robotics program from the beginning, 
directing graduate studies from the first admissions in 2014.

And perhaps this is also true more broadly. Full autonomy will 
probably come to small UASs long before it reaches passenger jets. It is 
the robots operating in airspace that are pushing the boundaries in 
aerospace. And Atkins, as ever, is on the front lines.

Atkins works with researchers in the lab of Carlos Cesnik, a professor of aerospace engineering.  

They are installing software for Cesnik’s X-HALE (Experimental High Altitude Long Endurance) unmanned aerial vehicle.

The regulatory trouble was that Atkins is not a hobbyist. She’s a 
professional. And the FAA has different rules for professionals. In fact, if 
she hadn’t been a member of a public institution, she wouldn’t have been 
allowed to fly at all.

“This was the first time that I really stepped back and said, ‘Maybe this 
book, this dictionary that I have used since I was first learning to fly planes, 
isn’t quite as irrefutable as I had originally thought,’” said Atkins.

Still, she applied for a waiver and waited. Fall turned to winter, and 
DARPA wanted more tests in the spring. The FAA hadn’t authorized her. 
Then Atkins’ program manager at DARPA got in touch, and the waiver 
came through.

Atkins stayed on top of the paperwork as best she could, but the rules 
kept changing. She has flown under three different sets of FAA regulations 
in the last decade. Sometimes her certifications came through quickly, 
sometimes they were held up with no explanation.

By the time the FAA came out with a consistent framework for 
approving UAS flight in 2016, industry had been clamoring for it for years. 
And now, to Atkins, it all seems too easy.

“The pendulum swung too far,” she said. “All of a sudden, after you 
pass a multiple choice test, there are no restrictions to stop you as long 
as you aren’t near an airport. Now people without skill or appreciation 
of the dangers can pull a drone out of their backpack or car trunk and 
fly wherever they want to.

“We have some in our lab that can carry a 15 pound movie camera. 

Her integrity and characteristic 
frankness were vital as the 
committee debated not only 
safety, but also legal and 
regulatory issues for the  
individual and University.
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           ON-RAMP TO A 
  DRIVERLESS FUTURE

Transforming an industry is complicated.  
Here’s how southeast Michigan is leading the way.

Story by: Nicole Casal Moore
Illustrations by: Stephen Alvey

Even the most earth-shattering new technology 
in autonomous vehicles won’t, on its own, 
revolutionize transportation. The ecosystem around 
the technology will also need to change. We’ll need 
new education and workforce training programs, 
shifts in societal thinking, advanced testing sites 
and deployment strategies. The University of 
Michigan, including Michigan Engineering, is 
working on the shift on all these fronts. Highlighted 
here are some key projects and partnerships, and 
the aspects they’re focusing on.

Education and Workforce Development
Vehicle Technology
Societal Aspects
Early-stage Testing
Product Development
Deployment

EDUCATION AND WORKFORCE DEVELOPMENT
When Uber moved into autonomy research a few ago, it poached 40 
people from Carnegie Mellon’s robotics center – four faculty members 
and 36 researchers and technicians. The company took some heat in the 
headlines for “gutting” the lab. But where else can you get that kind of 
workforce today?

In 2015, the state of Michigan’s Connected and Autonomous 
Vehicle Task Force surveyed 50 employers in southeast Michigan 
about the autonomous vehicle workforce. Their most common need 
was for “connected systems engineers” – a specialty that includes 
software engineering, systems engineering and electrical engineering, 
and pays roughly $90,000 a year.

“Industry still needs people who have deep expertise in a single 
field, but the need for people with knowledge in multiple fields is 
more urgent," said Huei Peng, director of Mcity and the Roger L. 
McCarthy Professor of Mechanical Engineering. “They need expertise 
in traditional fields such as dynamics, controls, signal processing and 
coding, as well as in the relatively new fields of artificial intelligence, 
big data and cybersecurity.”

Across the globe, companies are looking to hire thousands of this 
new kind of engineer. 

U-M and other entities in the region are working to establish a 
pipeline to these high-demand, high-paying jobs. The interest is there. 

M
ichigan’s New Motor City. That’s 
what The New York Times called Ann 
Arbor last year. The city is home to 
some central pieces of an expanding 
autonomous vehicle R&D ecosystem 
that rivals Detroit’s storied leadership 
in advancing the automobile.

Established firms and startups 
alike have set up shop in southeast 

Michigan, lured by a mix of singular testing sites, forward-looking 
state policies and proximity to: an entrenched supply chain, university 
resources and a burgeoning venture capital scene and workforce. 

Some examples: Toyota has opened an autonomous driving 
research institute here. Waymo, Google’s self-driving vehicle arm,  
has offices in Ann Arbor and Detroit. French firm NAVYA, builder 
of all-electric, fully autonomous shuttles, opened its first U.S. 
production plant in Saline in 2017. Ann Arbor-based Michigan 
Engineering startup May Mobility raised $11.5 million in seed funding 
in 2018 and partnered with supplier Magna to release its first fleet of 
low-speed autonomous shuttles. And Ford has put $15 million toward 
the Ford Motor Company Robotics Building, slated to open on North 
Campus in early 2020. Ford engineers will occupy that building’s fourth 
floor. The list goes on. 

Mcity – a public-private partnership headquartered in the U-M 
Office of Research and by now a household name among Michigan 
Engineers – has become a hub at the university. It counts among its 
major investors Aptiv, DENSO, Econolite, Ford, GM, Honda, Intel, 
LG, State Farm, Toyota and Verizon. Each of these firms has pledged $1 
million over three years. 

“The state of Michigan has led the traditional auto industry for the 
last 100 years, and we’re well positioned to be at the forefront of the next 
revolution,” said Kirk Steudle, director of the Michigan Department of 
Transportation. MDOT helped to fund Mcity’s unique test facility.

 “We have a lot of assets that play nicely together on a global stage. 
We have a glut of end customers – multiple OEMs with assembly plants 
and R&D centers. Ninety-two of the top 100 global auto suppliers have 
a presence in Michigan. So you can develop and test in other places if 
you like, but the truth is if you want it on a vehicle or mass produced, it’s 
got to touch Michigan at some point.” 

More and more efforts are situating here from the start. 
U-M and Michigan Engineering are helping to draw them here, 

through institutional partnerships and faculty-led research projects.  
And they’re not just about technology. Their work touches on the full 
life cycle of this industry’s transformation – from training the necessary 
workforce to putting the vehicles out in the world in a way that makes a 
positive difference. Here are some of the ways they’re doing that.

In 2017, Michigan Engineering’s Integrative Systems + Design began 
offering the interdisciplinary course Self Driving Cars: Perception and 
Control. Instructors planned for 30 students. They got 400. A similar 
number turned out this fall.

Last year, the U-M Department of Civil and Environmental 
Engineering launched a master’s degree in Transportation Systems 
Engineering and a PhD in Next Generation Transportation Systems. 
And starting in 2020, faculty members in the Robotics Institute will be 
housed in the new Ford Motor Company Robotics Building, just down 
the road from the Mcity Test Facility, a proving ground for autonomous 
and connected vehicles. The Robotics Institute’s master’s and PhD 
programs are ranked #2 in the nation. 

In TechLab, which is run by the Center for Entrepreneurship in 
partnership with Mcity, undergrads from across the College work with 
autonomous vehicle startups. Last year, a team worked with NAVYA on the 
Mcity Driverless Shuttle, which started operating this spring on a one-mile 
route. And the U-M Transportation Research Institute (UMTRI) leads 
the Center for Connected and Automated Transportation, a consortium 
of six Midwestern universities that includes Washtenaw Community 
College. Among its charges is to develop courses and programs to educate 
tomorrow’s autonomous vehicle workforce. That includes future auto 
technicians and mechanics, who will also need a new kind of training.
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1. American Center for Mobility
2. Ann Arbor Connected Vehicle Test Environment
3. Center for Connected and Automated Transportation
4. U-M Transportation Research Institute
5. Mcity, with TechLab and the Mcity Driverless Shuttle

 6. U-M Robotics Institute
 
  7. U-M/Ford Center for Autonomous Vehicles
  8. Toyota Research Institute – Ann Arbor
  9. Next Generation Transportation Systems Program
10. May Mobility
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SENSORS: Lidar, radar and cameras work together to take in an 
autonomous vehicle’s environment in 360 degrees and to pinpoint its 
location. While today’s cameras and radar are robust and cost-effective, 
lidar sensors aren’t there yet. They range in price from $7,000 to 
$70,000 and in some cases, they’re lasting in the hundreds-of-miles 
range – far from the auto-grade 100,000 miles or the lifetime of a car. 
U-M researchers have a possible solution. Ryan Eustice, professor of 
naval architecture and marine engineering and senior vice president 
of automated driving at the Toyota Research Institute – Ann Arbor, 
used video game technology to turn pre-recorded maps into 3D 
visualizations that make it possible for an autonomous vehicle to rely on 
inexpensive cameras rather than lidar technology to pinpoint location.

PERCEPTION SOFTWARE: In order for autonomous vehicles to 
understand what their sensors take in, researchers are turning to a 
combination of classical computer vision and the younger field of 
deep learning. Where traditional computer vision relies on models 
that focus on edges and other defining features that humans find 
meaningful, deep learning takes what some call a “brute force” 
approach. It involves feeding the system an immense set of annotated 
images that it can learn from.

“At the moment there are publicly available datasets to test deep 
learning systems and they have several thousand images – all annotated 
by a human. People go in and draw boxes around all the people and 
cars and sidewalks and stop signs, for example. But we need millions 
of these images to train these algorithms well,” said Ram Vasudevan, 
assistant professor of mechanical engineering and co-leader of the U-M/
Ford Center for Autonomous Vehicles. 

He and his colleague and co-leader Matthew Johnson-Roberson, 
associate professor of naval architecture and marine engineering, are 
working to streamline the process. Video games come to the rescue 
again. Grand Theft Auto, it turns out, looks enough like the real 
world to train a system. They were able to develop automated image 
annotation algorithms and then, overnight, extract and mark up 10 
million scenes, which they used to improve the accuracy of their system. 

The team has also developed an algorithm that can find a pedestrian 
in a scene and zoom in on their hands, which can be used to make 
predictions about what they’ll do next. 

CONNECTIVITY: To be as safe as possible, autonomous vehicles 
should talk to each other and to the infrastructure around them. 

Dedicated Short Range Communications, or DSRC, lets vehicles 
send messages about their location, direction, speed and more at the 
rate of 10 per second, and at a distance of up to 1,500 feet. DSRC isn't 
restricted to line-of-sight, like a camera or lidar. The technology has un-
dergone testing for more than a decade, and it’s ready for market, even 
on human-driven vehicles. It’s being piloted on a grand scale around 
Ann Arbor right now. A federal government mandate, which has stalled, 
would advance adoption, says Jim Sayer, director of UMTRI. 

“Every year that we wait to put connected vehicle technology in 
place, we're losing tens of thousands of lives,” Sayer said. “And I don’t 
believe you can have highly automated vehicles without connectivity.” 

Some automakers are moving ahead with plans to install DSRC 
ahead of any mandates.

Beyond reducing crashes, connectivity could curb traffic jams 
and lead to dramatic improvements in energy efficiency. Gabor 
Orosz, an associate professor of mechanical engineering, has shown 
that the smoother transitions a connected, automated vehicle makes 
between braking and accelerating can boost energy efficiency by as 
much as 19 percent.

VEHICLE TECHNOLOGY
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reshape law, regulation, culture, economics and many other domains of 
life,” said Daniel Crane, professor at the U-M Law School and editor of 
the project’s new Journal of Law and Mobility.

Through the Center for Connected and Automated Transportation, 
a five-year, $13-million, U.S. Department of Transportation-funded 
effort, UMTRI is studying the shift holistically as well.

“Connected and automated vehicles will have a disruptive impact 
on our transportation system,” said Henry Liu, professor of civil 
and environmental engineering, who leads the center. “While these 
technologies will continue their steady advance toward public roadway 
systems, there are a variety of open questions and issues on technology 
development, policy and planning, and system design and operations 
that require answers and resolution.”

One of the biggest opportunities driverless cars will bring is wheels 
for those who don’t have access to reliable transportation – the elderly, 
disabled and economically disadvantaged. “We need to think about 
accessibility,” said Carrie Morton, deputy director of Mcity. “How 
do we take this unique moment in time when we’re re-envisioning 
transportation from the ground up to make sure we design it to move 
all society forward, and that means thinking about socioeconomic 
mobility, access to healthcare, to grocery stores – all of those things.”

Mcity is doing that, through collaborations across campus. But 
sometimes a driverless car won’t be the answer. 

“It’s not all about connected and autonomous vehicles,” said 
UMTRI Director Sayer. “They’re one tool. The goal really needs to be 
improving mobility and that can mean reducing the need to move. 
Rather than dragging an elderly person to a doctor, why not take the 
service to them in other ways?”

EARLY-STAGE TESTING 
Rain and snow can cloud driverless car perception systems just like they 
cloud your vision. So Ford Motor Company turned to the Mcity Test 
Facility to evaluate its algorithms in winter weather. That’s an example of 
the kind of work that’s possible in this first-of-its-kind proving ground. 
At the test facility, industry and faculty researchers can put their vehicles 
through potentially dangerous situations that self-driving cars must master 
before they can take the place of human drivers. The 32-acre site with 
more than 16 acres of roads and traffic infrastructure is a safe place to test 
before taking technologies on public roads, which is legal in Michigan. 

Mcity, a campus-wide, public-private initiative, opened the test facility 
in 2015, and since that time the public-private partnership has grown to 
more than 60 industry partners, and the capabilities of the test facility 
have expanded. 

“We've added infrastructure connectivity, the ability to use augmented 
reality to create a more robust testing environment and the ability to 
monitor Mcity’s traffic in real time,” said Mcity Director Peng. The 
state-of-the-art Michigan Traffic Lab, the traffic control center for 
Mcity, can monitor and control all infrastructure. The traffic lab also 
enables augmented reality testing at Mcity. That combines the real-world 
environment with simulated connected vehicles to serve as realistic 
background traffic. It’s a good way to fine-tune control parameters before 
involving a lot of real vehicles, said Professor Liu, who leads the lab.
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U-M is also the birthplace of a radically different way of 
planning vehicle behaviors using a technique known as multi-policy 
decision making. In this approach, the vehicle doesn’t plan a path 
at all – it uses a library of driving strategies and runs a real-time 
“election” to pick the best one for a particular situation. Olson 
and his team are pushing this technology to produce increasingly 
human-like behavior, and he’s commercializing it through his 
startup, May Mobility.

SOCIETAL ASPECTS
Moving society to next-generation mobility systems – and making sure 
the shift doesn’t lead to unintended consequences – will require new laws, 
city designs, business models, cybersecurity measures, and also public 
acceptance. Across U-M, scholars are delving into these broader aspects. 

On the law front, driverless cars will likely shift fault for accidents 
from drivers to auto manufacturers, raising new liability questions. They 
will also collect more data than we’re used to, leading to privacy issues. 
In a step toward exploring these quandaries, the U-M Law School and 
Mcity, in collaboration with the Michigan governor’s office, launched 
the Law and Mobility Project in June. 

“Our goal is to analyze not only the direct and obvious legal and 
regulatory issues – such as tort liability and federal or state regulation 
of driverless cars – but also to think more broadly about the many 
significant ways in which the coming mobility revolution will 

PATH-PLANNING: How will autonomous vehicles decide how to 
get where they’re going – not just where to turn, but when to change 
lanes, when to brake hard and when to speed up? Prior mapping will 
be central to navigation. Prior mapping involves loading the vehicle 
with detailed surveys so it knows where to expect traffic signals and 
trees, for example, reducing the need for on-the-fly perception. Not 
only does this tell the car where it is in the world, it opens space for 
the vehicle to pay more attention to things that aren’t on its map. 
Eustice and Edwin Olson, a U-M associate professor of computer 
science and engineering, worked to develop streamlined, robust 
prior mapping approaches that let vehicles localize themselves, with 
centimeter precision, even when the road is covered in snow.

If a vehicle could predict what will happen around it, it could 
make better decisions. “Predicting the future is hard,” said Jason 
Corso, associate professor of electrical and computer engineering. 
“Today most methods are able to detect a lane change only when a 
vehicle has signaled that it’s going to change lanes.”

Corso can best that, though. He recently showed that, based on 
traffic flow and vehicle speeds, he can anticipate the trajectories of 
nearby vehicles up to five seconds before a vehicle signals its intent.

He’s also working on ways to get autonomous vehicles to 
understand verbal commands. “Imagine at some point, you want 
your vehicle to change course,” he said. “You don’t want to have to 
use special language or a dashboard controller.”

PRODUCT DEVELOPMENT
Technology that’s graduating from prototype to product can take the 
next steps at the American Center for Mobility. ACM’s more-than-500-
acre campus hosts a 2.4-mile highway-speed loop, multi-decker bridges, 
a tunnel, a 6-by-6 lane intersection and a full-scale boulevard designed 
with the Michigan Department of Transportation’s help. 

“It is the real world,” said John Maddox, former ACM president and 
CEO. “For the verification and validation aspects we’re focusing on, that’s 
what you need. If you want to operate your vehicle on a highway, you 
have to teach it on a highway. Otherwise, you haven’t taught it.” 

Validation and verification involve ensuring that a design meets its 
specifications in real-world conditions and for intended customers. 
Individual companies can set up their own scenarios or participate in 
events like “Plug fest,” where ACM invites manufacturers to connect to 
other products and test interoperability and security.

ACM, at Willow Run in Ypsilanti, is less than 10 miles from Mcity, 
and the facilities complement each other. “Their proximity is a clear 
example of our leadership in this area,” Maddox said. “There’s no other 
place like this in the world.”    

While Mcity focuses on the earlier-stage testing, some product 
development happens there as well. At TechLab, students work 
with startups to improve their products. The last cohort included 
CARMERA, of New York and Seattle, which provides real-time 3D 
maps for autonomous vehicles; and Zendrive, of San Francisco, which 
uses smartphone sensors to identify driving behaviors and provide 
insights and coaching to help you drive more safely.

DEPLOYMENT 
Two autonomous shuttle systems with ties to U-M are now on the road.

Faculty startup May Mobility began its first operation in October 
2017 and expects to have multiple deployments in 2018. Its first market 
is self-driving shuttles in compact environments. 

“May Mobility was the first self-driving company to replace an 
existing bus service, and we did it in downtown Detroit,” Olson said.

And the Mcity Driverless Shuttle research project began on North 
Campus this spring. It’s the first research project in the U.S. focusing 
on autonomous vehicle user behavior. The shuttle ferries students, staff 
and faculty to the North Campus Research Complex from more distant 
parking. Its cameras record what’s going on in and around the vehicle. 

“We’re not focusing on the technology with the shuttle, but on 
understanding consumer acceptance,” said Morton, Mcity deputy 
director. “We’re studying how passengers and others on the road 
experience this. Questions like: How does their trust change over time? 
How do pedestrians react? Are other vehicles impatient?”

And through the “living laboratory” of the Ann Arbor Connected 
Vehicle Test Environment, thousands of vehicles across the city are 
communicating with one another and infrastructure like road signs, 
traffic lights and crosswalks. AACVTE, as it’s called, is run by UMTRI, 
in collaboration with Mcity, the city of Ann Arbor, the U.S. 
Department of Transportation and the Michigan Economic 
Development Corporation. It was born out of Safety Pilot, which, in 
2012, was the largest connected vehicle deployment in the world.
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VICTORS STEP UP                                   MICHIGAN ENGINEERS ARE STEPPING FORWARD 
TO TRANSFORM THE COLLEGE – AND THE WORLD – 

IN OUR $1 BILLION RESOURCE-GENERATION EFFORT

CAMPAIGN COMMITTEE
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We’d like to thank all 
contributors to the 
College of Engineering 

during the Victors for Michigan Campaign. So far, 
the campaign has raised more than $400 million in 
philanthropic support and more than $600 million 
in strategic resources and has resulted in growing 
the College’s endowment to $500 million. 

Because of you, we can pursue our dreams for 
Michigan Engineering: To improve the quality 
of life by developing intellectually curious and 
socially conscious minds. To provide scientific and 
technological leadership to the world. To create 
collaborative solutions to societal problems. And to 
promote an inclusive and innovative community of 
service for the common good.

We will continue to keep you updated through the 
remainder of the campaign and into the future, 
and we appreciate your interest and support. YOU HELPED RAISE 

WE’RE AMAZED AND
  
GRATEFUL.

Kenneth R. Pelowski 
(BSE EE ’81, MBA ’87) 

Carlos R. Quintanilla
Alan Steremberg

(BSE CompE ’94)
Paul A. Vlasic 

(MBA ’07) 
Bruce Wanta 

(BSE ME ’79)
Murray D. Wikol 

(BA Econ ’81, MSE IOE ’82)

◊ Deceased
* Honorary Member

CAMPAIGN PLANNING TASK FORCE
Robert M. Brown 

(BSE IE ’63)  
Wai T. Chang

(MSE ’75) 
Susan M. Cischke 

(MSE ’78)
Michael T. Dager 

(BSE EE ’84)   
Usama M. Fayyad 

 (BSE CompE ’84, BSE EE ’84, MSE CSE ’86, MS Math ’89,  
PhD CSE ’91)

Donald C. Graham 
(BSE IE ’55, MSE ME ’56, HD ENG ’09)

Norman C. Harbert 
(BSE IE ’56) 

Timothy A. Howes 
(BSE AERO ’85)

Arthur J. Marks
(BSE IE ’67) 

Kenneth R. Pelowski
(BSE EE ’81)

Mary L. Petrovich
(BSE IOE ’85)

Carlos R. Quintanilla

GRATITUDE FOR OUR VOLUNTEERS
The success of the Victors for Michigan campaign at Michigan Engineering  
is due in significant part to the leadership and support of the following campaign volunteers.

BILLION
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HOW VOLUNTEERS ENABLED 
THE CAMPAIGN VISION

It illustrates the bold and creative collaboration that the campaign 
engendered. The building will bring together a variety of disciplines to 
push Michigan Engineering’s work in robotics. Robots will soon drive, 
walk, fly and help rehabilitate or enhance human function thanks to 
the facility.

Ford provided significant funding for the facility, and when the 
building is completed in 2020, Ford researchers will occupy the fourth 
floor in a unique arrangement for both Ford and Michigan Engineering. 
The gift initiated a new venture for Ford, and represents an entirely new 
model for the University of Michigan to partner with industry. 

This project also received support from individual donors, including 
a gift from the Ronald D. and Regina C. McNeil Foundation.

The addition and renovation to the George Granger Brown 
Memorial Laboratories, the longtime home of Mechanical Engineering, 
was the first example of attracting strategic resources. A federal NIST 
grant and $30M capital outlay from the state of Michigan provided 
significant support for the G.G. Brown project. With features like 
the ultra-low vibration chambers and tissue culture rooms in the new 
world-class Center of Excellence in Nano Mechanical Science and 
Engineering, the changes expanded the scope of the department to 
nanoscience. 

Campaign committee donors also provided essential support, 
including Mike Korybalski (BSE ME '69, MSE '73, MBA '80), Mary 
Petrovich (BSE IOE '85), and Norm Harbert (BSE IE '56). Tim 
Manganello (BSE ME '72, MSE Dearborn '75, PDM Dearborn '81), 
former head of BorgWarner, was instrumental in facilitating a gift from 
that corporation. 

ACROSS DISCIPLINES
As one of those original committee members in Tahoe, Art Marks says the 
committee recognized early on that collaboration across the University 
would be important to raising $1 billion. As a result of this emphasis, 
numerous examples of cross-campus innovations have been launched to 
facilitate groundbreaking research.

An example of a novel funding model that has thrived in recent 
years is MCubed, a seed fund for researchers to form teams across the 
University. MCubed was the inspiration for several bold new funding 
models being introduced at the College that help momentum to continue 
to build. 

VICTORS FOR ENGINEERING STRAIGHT OUTTA  TAHOE
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Is raising $1 billion really possible? The achievement is so audacious 
that it’s fair to ask whose idea it was in the first place.

The story actually goes back seven years to a restaurant patio on Lake 
Tahoe. With the Victors for Michigan campaign coming down the pike 
at the University, leadership at the College of Engineering assembled a 
group of alumni and other volunteers to begin planning. 

“We were about one day into the meeting,” said Bob Brown (BSE 
IE '63), a member of that campaign committee. “The College explained 
what we’d done in the past, raising something like $300 million. The 
staff from the College gave the rationale of raising the goal to $450 or 
$500 million.”

The conversation grew from there, and the group didn’t pull any 
punches in its critique. “We talked about how we’re a really good 
university, but not quite at the top,” recalled Art Marks (BSE IE '67), 
another committee member.

After some time, the group asked the College staff to leave so they 
could talk over the right goal to set.

“We figured that the only schools that compare to Michigan are 
Stanford, MIT and Harvard,” Brown said. “Yet Michigan has a first-
class teaching hospital, medical school, nursing school, all those types of 
things. So the seven or eight of us decided the goal was way too small. 
We said you’ve got to make it $1 billion.” 

“We got back with the staff and announced our suggestion,” Marks 
said. “We were greeted with a certain degree of shock.” But the com-
mittee made its case: Be collaborative and find ways to innovate across 
campus. Innovate ways to team up.

“And I think that’s pretty much what happened,” Brown said.

TEAMING UP
In addition to setting a more ambitious fundraising goal, the campaign 
volunteers were also ambitious about pioneering new models of 
fundraising. For one, they helped to develop the concept of combining 
traditional fundraising with strategic resources to help meet the 
goal. While more than $400M has been raised through traditional 
fundraising from individual donors and foundations, more than $600M 
has been raised through strategic resources – funding from government 
and other agencies outside of traditional philanthropic support. This has 
resulted in some innovative partnerships. 

The Ford Motor Company Robotics Building is a strong example. 

The key is how they bring researchers from across disciplines to 
collaborate with engineers – ranging from medicine to public health  
and social work.

“I think MCubed is a brilliant idea,” said Marks, who has backed an 
Mcubed project. To him, it is one of many small ways that university 
research is catching on about how problems are actually solved in the world.

“One thing that’s obvious to those outside the university is that a lot 
of innovation happens across disciplines. Engineering and medicine is a 
well-known example,” he said. It was that fundamental understanding by 
the campaign leaders – many of whom have years of business experience  
– that led the College to stretch its goals.

Marks, who is chair of the dean’s Leadership Advisory Board, has 
pushed to structure the group in ways that more directly tap this sort of 
expertise from alumni and other volunteers.

“It’s not just show and tell for the board,” he said. “We’re matching up 
their experience and talents. It has been a good sounding board for a lot 
of what the dean is trying to do. We don’t tell him what to do, but we are 
very independently minded and so we do tell him what we think.”

Marks also provided scholarship support, one of the main priorities of 
the campaign. He is one of several donors to influence the direction of the 
campaign through support for students. Others include Larry Leinweber’s 
software scholarship program, aimed at retaining talent to stay and thrive 
in the state of Michigan; and a gift by Dixon Doll (MSE EE ’65, PhD 
’69) to fund a directorship for the Center for Entrepreneurship that will 
influence student opportunities for years to come.

CAMPAIGN COMMITTEE CO-CHAIRS:
• Wai T. Chang (MSE ’75) 
• Arthur J. Marks (BSE IE ’67) 
• Kenneth R. Pelowski (BSE EE ’81, MBA ’87) 
• Paul A. Vlasic (MBA ’07) 

CAMPAIGN TASK FORCE CO-CHAIRS:
• Wai T. Chang (MSE ’75) 
• Norman C. Harbert (BSE IE ’56) 

NEXT CHAPTER
Through the generous support of individuals and organizations 
– some of which are highlighted in this article – Michigan 
Engineering is equipped to accomplish all that lies ahead. But 
College leadership is grateful for more than just the monetary 
support – it also recognizes the creativity and daring of the donors 
themselves.

Amidst the campaign, the College experienced a major change 
in leadership. Alec D. Gallimore was selected as the new Robert 
J. Vlasic Dean of Engineering in 2016, and he has expanded the 
theme of creativity, innovation and daring even further – including 
through the counsel of campaign committee members.

By any measure, the Victors for Engineering campaign has 
been a tremendous success. But it especially positions Michigan 
Engineering to provide the kind of leadership to the world that its 
mission and strategic vision describe – and launch the next chapter 
of Michigan Engineering’s future. 

Students work with bipedal robot Cassie Blue at the groundbreaking of the Ford Motor Company Robotics Building.
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BETTER LATE  
THAN NEVER 

Drone startup SkySpecs has become something of a Cinderella story. 
Originally founded by Danny Ellis (BS AERO ’10, MSE ’13) and Tom 
Brady (BS AERO ’11, MSE ’13) as a senior project, the Ann Arbor-
based company closed on a Series B funding round of $8 million in 
early 2018. The first and only company to offer automated inspection 
of wind turbine blades, SkySpecs is the fastest-growing inspection 
service in the wind energy sector.

 The pair officially launched Skyspecs in 2012 with support from 
TechArb, the University of Michigan’s student venture accelerator. But 
Ellis says the team’s turning point came in 2015 when they decided to 
stop building their drones in-house.

 “We were trying to be the best at everything, and therefore, we 
ultimately became mediocre at everything,” Ellis said.

 The following year, the resources saved from that decision allowed 
the co-founders to set a new goal: to achieve completely automated 
inspection of a wind turbine. Nine months later, they launched their 
inspection drone live at the world’s largest wind conference in Germany.

 SkySpecs’ core has always been automation, and they see the next 
step in robotics as large-scale automation of industry. They plan to be 
around to help make it happen.

 “We see a future where robots can do a lot more,” Ellis said.  
“I envision a world in which renewable energy or any large industrial site 
could be operated and maintained without ever having a human onsite.”

The things we see and experience in our formative years – 
particularly the negatives – can haunt us throughout our lives. But, 
as in the case of Teresa Wang (BSE BME ’10), they can also shape 
us and give us purpose.

A native of Canton, Michigan, Wang treasured time spent with 
her grandfather when the family would visit him in Beijing. A heavy 
smoker for much of his life, Wang’s grandfather endured serious 
health issues – an unhappy situation she took note of and, eventually, 
embraced as motivation for a career.

These days, you can find her in Atlanta, tracking tobacco prevention 
control strategies for the Centers for Disease Control and Prevention. 
The work makes her feel as if she  is “home” in a way – harnessing 
information to take on the leading cause of preventable deaths.

“My work involves large-scale datasets that enable us to assess 
health behaviors and outcomes at the population level,” Wang said. 
“Although this is very ‘numbers-oriented,’ my personal experiences 
with loved ones keep me attuned to the lives and faces behind the 
numbers. This injects an ever-greater sense of purpose to my work 
which heavily revolves around science, surveillance and service.”

In 2006, after graduating from Salem High School in Canton, 
Mich., Wang made the 20-mile trip to Ann Arbor to study 
biomedical engineering. During her freshman year, she met her 
future husband in the South Quad. Four years later they would both 
leave with degrees.

A master’s and doctorate in bioinformatics soon followed from 
Boston University and in 2015, Wang donned the uniform of an 
officer in the U.S. Public Health Service.

Armed with her education and driven to prevent others from 
enduring the difficulties faced by her grandfather, Wang stepped into 
the role of an Epidemic Intelligence Service officer – a disease hunter.

Wang headed to the island country of Palau to document and 
track tobacco and betel nut use. The betel nut is linked with cancers 
of the mouth and esophagus and many island residents begin 
chewing it at an early age.

Many combine betel nut with cigarette tobacco, among them 
pregnant and nursing women. Identifying the underlying causes and 
motivations of betel nut use – some of them traditional – allowed 
Wang and other EIS officials to make recommendations to Palau’s 
Ministry of Health on intervention strategies.

“I helped design and conduct key informational interviews among 
health care providers and women on the island,” Wang said. “We 
were able to identify critical gaps in terms of pre- and post-natal 
clinical care.”

Civil engineering alum Fred Pelham (BS CEE 1887) will – finally – get 
credit for designing the iconic railroad bridge that has spanned Island Lake 
Road in Dexter, Mich., for the past 128 years.

A prolific bridge designer in the late 1800s and U-M’s first black 
engineering graduate, Pelham will soon be recognized thanks to a 
determined group of fourth graders at Dexter’s Wylie Elementary School 
that raised $2,000 to purchase a new sign.

Although he died of pneumonia at just 30 years old, Pelham’s 
reputation for designs that stand the test of time has lived on. The Dexter 
bridge is an unusual type known as a skew arch, crossing the street at an 
angle, and more challenging to design and construct than an ordinary 
arch. It was such a fine local example that Michigan students took field 
trips out to see it for many years.

The names of the Michigan Central Railroad’s executive and chief 
engineer are carved into one of the bridge’s stones, along with the year, 
1890. Whether Pelham was left out because of his role or because of his 
race is a matter of debate, but the students feel that he deserves credit.

“He was the designer of that bridge, and since he was an African 
American, he didn’t get the proper respect,” Catie Hoffman, one of the 
Wylie Elementary students, told MLive at the kickoff of the fundraising 
effort in December 2017.

Thanks to the efforts of Hoffman’s class, Pelham’s name will be on 
display soon.

FRESH FLY 
FUNDS 
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Levi Weintraub (MS BSE ’06) has lived on two wheels for close to 
two years now, putting his incredibly accomplished tech career on 
hold for an epic trans-African journey that’s stoking his passion for 
travel and educating a cohort of aspiring African tech professionals.

Weintraub’s wanderlust first hit him in May of 2016. He was 
working at Google, where he landed by way of Intel, Apple, Microsoft 
and Palm. But something about his comfortable Bay-area life just didn’t 
seem right. He’d always had a passion for two things: teaching and 
motorcycling. And he decided to combine them on an epic cycling trip 
that would take him the length of Africa, over 7,500 miles.

This wasn’t his first ride – he’d ridden motorcycles with his dad in 
his hometown of South Haven, Michigan, and nine years ago, the two 
rode the length of the Americas, from Alaska to the southern tip of 
South America. It wasn’t enough.

“As soon as I got to Patagonia, I knew I’d do Africa next,” he said. 
“I love motorcycling because it forces you to be in the moment. When 
it’s hot, you’re hot, when it’s cold, you’re cold, when it rains, you get 
wet. You lean into turns. And you’re wedded to this machine that’s 
dramatically less reliable than a car. That forces you to learn about it 
and care for it.”

But ultimately, it was Weintraub’s passion for teaching that pushed 
him to hit the road. He had earned a reputation as a teacher and 
consensus builder at Google, and he wanted to apply those skills 
in Africa, though he wasn’t sure exactly how. He set out from Cape 
Town, riding north toward Tangier.

It all came together at a hamburger stand in Dar Es Salaam, 
Tanzania, where Weintraub met a fellow motorcyclist who was trying 
to build a tech mentoring program. Weintraub didn’t hesitate. He 
spent the next four months teaching coding and entrepreneurship to a 
group of students fresh out of high school.

As it turned out, he learned as much from the students as they did 
from him. He learned how to bridge cultural gaps and how to sort out 
the infinite logistical challenges that come with running a program in 
Tanzania. But most of all, he learned about himself.

Have a story you’d like us to consider for the next issue’s Alumni Notes? Let us know by sending an email to  
MichiganEngineer@umich.edu with “Alumni Notes” in the subject line.

“Travelling in Africa is a constant lesson that the things we take for 
granted are actually culturally instilled,” he said. “Our perspectives are 
shaped on a deep level by where we grew up, and by meeting people 
with different experiences, you learn about yourself.”

He isn’t sure when his trip will end, but when it does, he plans to 
go to graduate school and eventually become a university professor.

In the meantime, he’s back on the bike, planning to travel to 
Tangier and then across the Strait of Gibraltar into Spain. Coding and 
motorcycling might seem like wildly different pursuits, but Weintraub 
believes that they have a lot in common.

“Riding, wrenching and coding are about planning before you 
act so you don’t get yourself into a situation you can’t get out of,” he 
explains. “You learn how something works, and once you know, you 
can go on a really amazing journey. That’s the joy of engineering and 
the joy of travelling.”
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BRAIN HACKS

Before the days of computer aided design and spreadsheets, 
determining properties like the volume of a ship hull or the shape of 
a propeller required age-old instruments that were expensive, fragile, 
cumbersome – and often quite beautiful. Many of them were invented 
in the early 19th century and used until the end of the 20th.

Emeritus Professor of naval architecture and marine engineering 
Bob Beck recently gave us a tour of the newly renovated Aaron 
Friedman Marine Hydrodynamics Laboratory in West Hall on 
Central Campus, where several of U-M’s old instruments are on 
display. Most were made by the German company Kempf and 
Remmers, the same firm that made the Tow Tank’s carriage.

Finely machined and housed in wooden boxes that are themselves 
works of art, these old-school instruments can’t match a CAD 
program for speed, but they certainly outdo it in beauty. One of 
them is pictured here. Can you guess what it was used for?

a. Measuring hull resistance
b. Designing propellers
c. Measuring wind speed
d. Generating onboard electricity 

Answer B:
It’s a set of wake wheels, used to measure the velocity of water 
flowing into a propeller at various distances from its center. 
One four-pronged wheel at a time is fitted onto a spindle that’s 
attached to a hull’s propeller shaft during testing in the model 
basin. A magnetic pickup inside the spindle measures the speed 
of the wheel’s rotation, which can then be used to calculate the 
velocity of the water flowing past.
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�59 Ronald G. Bunnell 4/06/2018
�59 Walter O. Bailey 5/17/2018
�59 Frederick A. Jackson 5/26/2018
�59 Marvin G. DeVries 7/04/2018

1960s 
�60 Fred M. Stedman 8/15/2017
�60 Marvin A. Maten 3/13/2018
�60 Robert D. Jarrett 3/21/2018
�60 Donald L. Mills 4/01/2018
�60 Bernard G. Seggerman 4/11/2018
�60 Richard N. Laakaniemi 5/27/2018
�61 Raymond L. Jones 1/24/2018
�61 Francis B. Fay 2/23/2018
�61 Marlin P. Ristenbatt 3/02/2018
�61 Gerald A. Mitchell 4/02/2018
�61 S. Thomas Cleveland 5/09/2018
�62 Douglas M. Esper 3/10/2018
�62 George L. Harlow 4/11/2018
�62 Lawrence R. Doan 5/16/2018
�62 William E. Hauser 6/08/2018
�63 George W. Bowling 1/11/2018
�63 Donald C. Clay 3/13/2018
�63 Robert W. Scott 3/27/2018
�63 Robert J. Miller 6/16/2018
�63 Thomas V. Traczyk 7/01/2018
�64 John A. Vanlandingham 3/14/2018
�64 Barry J. Andrews 5/17/2018
�64 James A. Fox 7/13/2018
�64 James H. Jackson 7/22/2018
�65 Ronald J. Kieffer 2/06/2018
�65 James D. Karn 3/14/2018
�65 David H. Harris 4/17/2018

�65 Gerald L. Walker 5/18/2018
�65 Dwight A. Wahr 6/04/2018
�65 Jan M. Griggs 7/20/2018
�66 David W. Kurtz 5/31/2018
�67 James R. Grant 4/10/2018
�68 James F. Niessink 3/14/2018
�69 Delbert L. Law 2/22/2018
�69 John R. Vogt 7/14/2018

1970s
�70 Brian E. Gray 3/14/2018
�70 Ted C. Gillespie 5/13/2018
�70 Virginia J. Bigler Engler 7/02/2018
�70 Jim J. Sygo 7/06/2018
�71 Leslie W. Franke 7/16/2018
�72 George T. Chen 4/02/2018
�73 Yu-Ping Liu 2/18/2018
�74 Allan W. Johnson 7/17/2018
�75 Gary R. Madison 2/12/2018
�76 Frank R. Bondy 3/04/2018
�76 Alexander A. Kushnir 6/23/2018
�77 Andre B. By 7/03/2018

1980s
�84 Sami M. Hamade 4/08/2018
�86 Diane M. Laurain 4/05/2018

1990s
�98 Ellen E. Lettvin 4/13/2018

2010s
�15 Jacob D. Wieger 3/24/2018
�17 Joshua R. Tanon 8/27/2017

Faculty
Herbert H. Alvord 5/08/2018 
Ben F. Barton 12/16/2017
Keki B. Irani 5/02/2018 
Marlin P. Ristenbatt 3/02/2018
Henryk Skolimowski 4/06/2018

�49 Wallace R. Simmons 5/20/2018
�49 Duane E. Marquis 5/22/2018

1950s 
�50 Lloyd I. Jorrisch 10/24/2017
�50 Phillip A. Sandford 12/01/2017
�50 Edwin H. Mueller 2/09/2018
�50 John R. Mackey 4/14/2018
�50 Arthur A. Kovitz 4/30/2018
�50 Herbert H. Alvord 5/08/2018
�50 Lawrence E. Odell 6/01/2018
�50 John E. Lauer 6/30/2018
�50 Herbert Malin 7/19/2018
�51 Greenleaf W. Sargent 8/29/2017
�51 John W. Thorsberg 12/14/2017
�51 John F. Barrows 3/25/2018
�51 Arthur Sack 4/08/2018
�51 Daniel S. Hall 4/26/2018
�51 William L. Green 6/17/2018
�51 John D. Sprowl 6/23/2018
�51 Louis S. Rotolo 8/05/2018
�52 Daniel H. Vliet 8/11/2017
�52 Robert W. MacPhail 2/20/2018
�52 Ernest W. Weaver 3/05/2018
�52 Robert C. Buckley 3/15/2018
�52 Edward J. Glaza 4/01/2018
�52 Ellsworth G. Brunais 7/23/2018
�53 Paul E. VanCleve 2/04/2018
�53 Carl M. Kaltwasser 3/04/2018
�53 Warren E. Norquist 3/14/2018
�53 Frank W. Stephenson 4/30/2018
�53 James D. Butt 6/03/2018
�53 Thurman M. Silks 7/13/2018

�53 Gopal P. Agarwal 7/31/2018
�54 Roger G. Zeeff 3/25/2018
�54 Peter H. North 4/11/2018
�54 Edward L. Maier 4/22/2018
�54 Robert R. McWithey 5/17/2018
�54 John H. Jacobsmeyer 5/24/2018
�54 Harry G. Hedges 6/07/2018
�55 Ignatius C. Trauth 1/01/2018
�55 Carl A. Anderson 2/13/2018
�55 Ben G. Bray 6/09/2018
�55 Charles F. Drake 7/06/2018
�56 Charles A. Ciotti 2/02/2018
�56 Alexander M. Yourshaw 5/16/2018
�56 William M. Glazier 5/21/2018
�56 Abu J. Hasan 5/31/2018
�56 Charles L. Ray 6/02/2018
�56 John E. Wirth 6/25/2018
�57 Ramon Garcia 12/13/2017
�57 Richard C. Webber 3/10/2018
�57 Norman J. Johnson 7/06/2018
�58 John C. Kreger 2/05/2018
�58 Lawrence S. Lodewick 2/11/2018
�58 William D. Yule 2/15/2018
�58 Lester H. Browning 4/02/2018
�58 Barry L. Collier 4/13/2018
�58 Robert N. Shewchuk 5/03/2018
�58 Nino A. Masnari 5/19/2018
�58 David B. Cooper 6/16/2018
�59 Frederick W. Zinger 12/15/2017
�59 Richard A. Brackenbury 1/23/2018
�59 Glenn E. Russcher 2/02/2018
�59 Ercument Ozizmir 2/20/2018
�59 Ronald E. VanPutte 3/11/2018

IN MEMORIAM

1940s 
�40 Reino H. Mustonen 11/29/2017
�40 Max J. Young 3/15/2018
�42 Richard H. Coe 4/24/2018
�43 Karl F. Reed 1/11/2018
�43 Charles F. Alexander 5/01/2018
�44 Robert D. Essig 2/01/2018
�44 Arthur F. Schwartz 4/03/2018
�44 John C. DeBoer 4/15/2018
�45 Ira D. Orvis 3/25/2018
�45 Eugene V. Ivash 6/08/2018
�45 John A. Marino 7/19/2018
�46 Thomas E. Werkema 1/29/2018
�46 John J. Studnicka 6/14/2018
�47 Bruce J. Clark 10/01/2017
�47 Ben F. Barton 12/16/2017
�47 Lawrence Lutzker 3/07/2018
�47 Maxwell T. Huff 3/08/2018
�47 Catherine L. Sommers 3/09/2018
�47 Roland L. Sharpe 3/15/2018
�47 Gayle L. Adams 4/10/2018
�47 William H. Gordon 4/22/2018
�48 Carl G. Roth 3/13/2018
�48 John H. Redfield 3/27/2018
�48 Max Jaffe 5/21/2018
�48 Claude Corty 6/28/2018
�49 Albert Jokela 1/21/2018
�49 Kenneth L. Smith 2/21/2018
�49 Yuji Morita 3/16/2018
�49 Kenneth F. Packer 4/04/2018
�49 Robert V. Reinke 4/29/2018
�49 Aris G. Grammatikas 4/30/2018
�49 Keki B. Irani 5/02/2018
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