7. THE MASSACHUSETTS ROBOTICS CLUSTER
Greater Boston is home to 55 colleges and universities. Massachusetts spends more on research
and development than any other region in the world, and Boston attracts a diverse, technologically
fluent workforce.
—Jeff Immelt, CEO, GE
The robotics cluster in Massachusetts is substantial and growing. As with other technology clusters, the
Massachusetts robotics sector includes a localized concentration of core companies, of various sizes
and levels of maturity, providing robotics technologies and products, as well as a range of services. These
companies are themselves sustained by an array of supplier and services firms.
The Massachusetts robotics cluster benefits greatly from the many world-class educational and
research institutions residing in the State. They are a leading source for an educated, skilled workforce,
as well as the development of new capabilities and technologies resulting from fundamental and applied
research undertaken in local laboratories. Universities and research institutions also support the cluster
through technology transfer activities, facilities sharing, and networking events.
Other groups supporting the Commonwealth’s robotics cluster include Massachusetts economic development groups, the investment community, industry associations, end-user companies, business and technology media, and much more. The resulting dynamic creates a self-reinforcing, beneficial web of innovation,
reciprocality, and promotion, whose total impact greatly exceeds the sum of its individual parts.

7.1. NUMBER AND TYPES OF COMPANIES
ΖWFDQEHGLɝFXOWWRDVFHUWDLQZKDWGHȴQHVD0DVVDFKXVHWWVURERWLFVFOXVWHUSDUWLFLSDQW)RUVRPHHQWLWLHV
VXFKDVFRPPHUFLDOȴUPVL5RERWDQG%RVWRQ(QJLQHHULQJZKLFKDUHKHDGTXDUWHUHGLQWKH6WDWHDQGGHULYH
WKHPDMRULW\RIWKHLUUHYHQXHE\SURYLGLQJURERWLFVUHODWHGWHFKQRORJLHVSURGXFWVRUVHUYLFHVWKHGHȴQLWLRQ
LV FOHDU EXW IRU PDQ\ RWKHU URERWLFV ȴUPV LW LV QRW $OWKRXJK D ZLGH YDULHW\ RI HQWLWLHV FDQ FRQWULEXWH WR
the cluster’s value chain, to eliminate ambiguity, reduce subjectivity, and increase the accuracy of both the
FXUUHQWDQGIXWXUHFOXVWHUDVVHVVPHQWVLWZDVQHFHVVDU\WRGHȴQHFOXVWHUPHPEHUVDVIRUPDOO\DVSRVVLEOH
For this study, cluster membership was limited by the following requirements:
ȏ

Headquarters: Commercial cluster members should be headquartered in the Commonwealth, or
have an office in the State that is a major subsidiary or regional division office.
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ȏ

Primary Robotics Cluster: The focus of this report is the primary robotics cluster which consists
of over 95% of all robotics companies in the State (see Appendix H). Formally defined, the primary
robotics cluster consists of the concentration of geographically bounded, localized, mutually
supportive businesses found within 50-mile radius of Boston and Cape Cod. The robotics
companies outside this area lack the critical mass and concentration to form another regional
robotics cluster.

ȏ

Revenue or Support: Commercial cluster companies must derive approximately 35% or more
of their revenue from robotics products, enabling technologies, or services, or a “robotics”
division or subsidiary within a larger firm must do the same. Exceptions are made for startups
without revenue, as well as larger firms evaluating robotics opportunities or supporting the cluster
in other ways.

ȏ

Universities and Labs: Massachusetts-based private and public university research laboratories;
national laboratories and testing centers; or private, non-profit laboratories with currently active
robotics research programs or initiatives are cluster members.

Using the criteria above, the Massachusetts robotics cluster includes a total of 122 commercial companies
(see Appendix H). A significant number of businesses do not qualify using this formal definition. Some are not
geographically proximal to the Boston robotics hub, including companies in Western Massachusetts, New
Most Massachusetts robotics cluster
members are located within 50 miles
of the Boston city center.

Hampshire, and Rhode Island. Others do not develop robotics products or technologies per se, but support
the cluster indirectly with a variety of business services. Examples include design firms, public relations companies, marketing and engineering services providers, and more.

7.1.1. Funding Sources
:KHQWKHFRPSDQLHVLQWKHJUHDWHU0DVVDFKXVHWWVURERWLFVFOXVWHUZHUHFODVVLȴHGEDVHGRQWKHSULPDU\
payment/funding sources for their products, technologies, or services, it was found that most rely on commercial and industrial sources (see Figure 19). A sizable number of companies also depend on public sources
for funding for research and defense work (the DoD, Defense Advanced Research Projects Agency (DARPA),
National Science Foundation (NSF), etc.). A relatively fewer number of firms look to monies targeted for public
services and education, as well as consumer dollars. Many companies had multiple sources for revenue.
The Massachusetts robotics cluster is
well balanced with regard to primary
payment/funding sources. No source
is completely dominant.

The Massachusetts robotics cluster is well balanced with regard to primary payment/funding sources. No
source is completely dominant, and as a whole, the cluster should be resistant to all but the most severe
levels of business contraction, as well as large oscillations in state and national public funding levels.
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7.1.2. Key Industries and Application Areas
The Massachusetts robotics cluster draws revenue from a wide range of disparate industries and other
The Massachusetts robotics cluster
as a whole is not reliant on a single,
large industry, and therefore is at
a reduced risk from the effects of a
sector downturn.

VRXUFHV D UHȵHFWLRQ RI WKH YDULHW\ RI WKH FRPSDQLHV ORFDWHG LQ WKH 6WDWH 7KLV GLYHUVLW\ UHGXFHV WKH ULVNV
associated with overdependence on a single, large industry segment, and the negative consequences of
downturns impacting them. San Diego (defense and communications) and Detroit (automotive) serve as
cautionary notes in this regard.
Manufacturing was the largest single target industry for Massachusetts robotics cluster members’ products
and services, with discrete manufacturing accounting for 19% of the companies, and process manufacturing equaling 4% (Figure 19). For a large percentage of cluster companies, the healthcare industry is a chief
VRXUFHRIUHYHQXHDVLVGHIHQVH$QXPEHURIRWKHULQGXVWULHVPDUNHWVFODVVLȴHGDVȊ2WKHUȋDOVRUDQNHGIDLUO\
well. This group included utilities (4%) and warehouse/distribution (4%), along with research and exploration
(6% and 4%, respectively).

Additional Insight: Sizable industries that are not as yet primary markets for Massachusetts robotics cluster
products and services include construction/demolition, agriculture, mining, and oil and gas. If companies developing new classes of outdoor mobile service robots, unmanned underwater vehicles, and particularly, commercial drone technologies and services can flourish, Massachusetts robotics cluster companies will expand into
these markets as well. In many cases, entirely new companies will be formed.

Figure 19: Massachusetts Cluster Member Companies by Primary Sectors and Industries
(Source: ABI Research)
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7.2. KEY TECHNOLOGIES, PRODUCTS, AND SERVICES
Massachusetts robotics cluster companies provide a wide variety of robotics products, technologies, and
VHUYLFHVZLWKQRRQHFODVVGRPLQDWLQJRYHUWKHRWKHUV )LJXUH 7KLVLVDUHȵHFWLRQERWKRIWKHEUHDGWK
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The number and range of companies
in the Massachusetts robotics cluster
eliminates the risk of regional overspecialization, along with the effects
of a single-sector collapse.

and diversity of companies making up the sector, and the requirements for developing or operating robotics
systems. It is also a measure of the extensive range of form factors that robots can assume. sUAVs, surgical
robots, robotic pool cleaners, unmanned surface vehicles, and smart toys just begin to illustrate the form factors. Companies producing solutions for the industrial, consumer, public services, and commercial services
markets are all represented.

7.2.1. Technologies and Services for Developing Robotics Systems
)RU  RI WKH FRPSDQLHV LQ WKH JUHDWHU 0DVVDFKXVHWWV URERWLFV FOXVWHU VRIWZDUH LV D SULPDU\ RHULQJ
usually for the design and development of robotics systems (as opposed to application software). Software
As a class, articulated robots, which
include most collaborative designs,
along with unmanned underwater
systems (UUS), play an outsized role
within the Massachusetts robotics
cluster.

was joined by controllers, vision/imaging technology, and other parts and supplies in this regard. Cluster
companies also provide engineering and integration services for developing and deploying robotics systems.
It is notable that the number of companies producing “whole cloth” robotics systems—articulated robots
DQG 889V ȃDSSUR[LPDWHV WKDW RI EXVLQHVVHV VHOOLQJ HQDEOLQJ WHFKQRORJLHV RU RHULQJ VHUYLFHV WKDW KDYH
wide applicability. This indicates that these system types play an outsized role within the cluster..

More Insight: During the cluster evaluation process, each Massachusetts robotics company was categorized
based on the assignment to each firm of up to three classes of products, technologies, or services out of a total
of 74 options. This is a large number of choices for a comparatively small number of companies, and is another
contributing factor to the single-digit results given in Figure 20.

Figure 20: Massachusetts Cluster Member Companies by Primary Classes of
Technology, Products, and Services
(Source: ABI Research)
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7.3. REVENUE, EMPLOYMENT, AND NEW BUSINESS FORMATION
The 122 commercial companies in the Massachusetts robotics cluster generated US$1.6 billion in revenue
for their products, technologies, and services in 2015. They also employed approximately 4,716 individuals
with the majority consisting of engineers.
One measure of the dynamism and overall health of a technology cluster is the rate of new business
In Massachusetts, the rate of robotics
business formation over the last
decade has been exceptional, with 33
new companies formed since 2011
alone.

formation. In this regard, the Commonwealth’s robotics cluster is in good stead. New robotics businesses
are being created at a steady rate, especially over the last decade (Figure 21). Between 2011 and 2015, 33
new robotics businesses were created, up 57% from 5 years earlier. Approximately 60% of robotics cluster
member companies were formed since 2000.
Figure 21: Massachusetts Robotics Cluster Business Formation
(Sources: ABI Research, Massachusetts Technology Leadership Council)
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The rapid growth in the numbers of Massachusetts robotics companies in the last 5 years will be offset
somewhat in the future with the failure on the part of some firms. This is a common occurrence among
Robotics startups take a longer
amount of time to bring products to
market compared to software and
other types of technology startups.

young startups, and robotics companies are particularly susceptible. Compared to other technology startups,
software companies particularly, robotics firms require more time to develop working prototypes, stressing
fledging businesses lacking deep pockets. Designing for manufacturability, particularly for consumer
systems, also delays time-to-market.
Even with this understanding, it is clear that over the last 5 years the rate of robotics business formation in
Massachusetts has been exceptional. Example companies include RightHand Robotics (industrial grasping
and manipulation), Jibo (consumer social robots), Locus Robotics (mobile service robots), Aquabotix
(unmanned underwater systems), and more.
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7.4. SALARIES FOR ROBOTICS ENGINEERS
The term “robotics engineer” is rarely used in job descriptions because it is not a formal descriptor in
common use. The development of robotics technology requires the combined skills of software, electrical,
and mechanical engineers, as well as a good deal of systems engineering support. Determining the average
salaries of robotics engineers, therefore, requires that the wages for each of these classes of engineers be
considered separate and compared to industry norms.
As described in Figure 22, the average yearly salary for the various classes of engineers commonly employed
for robotics development in the Massachusetts robotics cluster region is substantial, and higher than for
the United States as a whole. The Massachusetts robotics cluster area salaries are not the highest in the
nation. For the most part, that distinction expectedly goes to Silicon Valley and greater San Francisco, and
occasionally elsewhere (see Appendix C). Massachusetts engineers, however, consistently earn more than
their counterparts in other states (see Appendix C).

Figure 22: Robotics Engineers Average Yearly Salaries, Massachusetts versus United States
(Source: US Department of Labor, Bureau of Labor Statistics)
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More Insight: The year 2015 was a banner one for private equity investment for robotics companies. Historically,
however, robotics investments have been very limited compared to other sectors, such as social networking,
biotech, green tech, and communications. One of the reasons given for the hesitancy on part of the investment
community for funding robotics startups is the length of time required to bring products to market. Incubator
programs and hardware accelerators can act to reduce the time to develop prototypes, as well as ensure that
they are correctly engineered for manufacturability.
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7.5. OFFICE LOCATION/RELOCATION OF NON-STATE-BASED
ROBOTICS FIRMS
$ VLJQLȴFDQW QXPEHU RI LQWHUQDWLRQDO URERWLFV ȴUPV DQG WHFKQRORJ\ VXSSOLHUV KDYH PDGH (DVWHUQ 0DVVDEastern Massachusetts is a magnet
for foreign robotics companies establishing North American regional and
subsidiary headquarters.

chusetts their regional or subsidiary headquarters. The companies range from personal robotics suppliers
Aldebaran and Blue Frog Robotics (France), to precision drive producer Maxon Motor (Switzerland) and
exoskeleton maker ReWalk Robotics (Israel). Others, such as Japan’s Harmonic Drive, have their U.S. manufacturing headquarters in the area.
The specific reasons given by robotics firms for a greater Boston regional or subsidiary headquarters vary
from company to company, but access to a sizable, qualified labor pool, close proximity to an international
airport, and the multiplier effect resulting from agglomerated robotics expertise, are typically cited. Recogni-

A metro Boston address has brand
value for companies wishing to be
perceived as forward thinking and
innovative.

tion of metropolitan Boston as an international hub for robotics research and innovation is of special note. In
addition to the practical benefits, a metro Boston headquarters communicates to customers, stockholders,
and the world at large that the company is a robotics leader, and the corporate culture forward thinking and
highly innovative, which has a strong brand value.
Robotics companies also locate in Eastern Massachusetts because the region is dominant in their sector of
activity, such as the healthcare, defense, research, and education markets. Robotic therapeutic technology
provider Hocoma (Switzerland), for which the Boston area’s reputation as a world-class healthcare cluster
was key, is representative.

Additional Insight: Dedicated, ongoing, and often aggressive branding campaigns for specific products or companies are very common, as are branding programs for travel and tourism. Massachusetts has done well branding the Commonwealth as a technology and innovation leader in a variety of industry segments. While common
regional branding techniques of the past, such as international junkets and trade shows, do provide value,
they can no longer be considered a competitive differentiator, but more “table stakes.” More aggressive, nontraditional approaches are now required.

7.6. INVESTMENT IN ROBOTICS
VC and other private sector investment in robotics companies increased dramatically in 2015, following
years of upward, but unexceptional growth (Figure 23). Robotics investments in 2015 represent an increase
Private sector investment in robotics
companies increased dramatically in
2015. Approximately US$1.5 billion
was invested, a dramatic increase
over the previous year.

of more than 330% over the previous year. It should be noted, however, that investing in the years 2011 to
ZDVVLJQLȴFDQW)XQGLQJURXQGVIRUURERWLFVLQYHVWPHQWVSULRUWRZHUHYHU\VPDOODQGLQVRPH
years, non-existent. In some respects, 2014 also represents a turning point, with year-over-year investment
increasing more than 35%.
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Figure 23: Worldwide VC and Private Sector Robotics Investment
(Sources: Hizook, Robot Report, ABI Research)
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* Other includes transportation, K-12 education, retail, and resource management.

U.S.-based companies received 57%
of the worldwide VC and private sector robotics investment in 2015, for a
total of US$845 million.

Companies headquartered in the United States received the majority of VC and private sector investment
dollars in 2015: 57% or approximately US$845 million (Figure 24). According to the National Venture
Capital Association (NVCA), this figure represents only 1.4% of the total 2015 U.S. investment figure. Still, this
is a sizable amount compared to previous years, and demonstrates an undeniable upward trend.

Additional Insight: Even if 2015 comes to be viewed as a robotics investment outlier, robotics investment for 2016 and
beyond will continue to be robust. This is contingent on a number of factors, often unrelated, including:

ȏ
$EVHQFHRIPDUNHWIDLOXUHV

ȏ
&RQWLQXHGDYDLODELOLW\RIKDUGZDUHFHQWULFEXVLQHVVDFFHOHUDWRUV

ȏ
ΖQFUHDVHGQXPEHUVRIURERWLFVH[LWVLQLWLDOSXEOLFRIIHULQJV Ζ32V DQGDFTXLVLWLRQV

ȏ
6WDELOLW\RILQWHUQDWLRQDOILQDQFLDOPDUNHWV

As described in Figure 24, when 2015 robotics investments are examined on a per sector basis, it can
be seen that the commercial segment dominates, with strong representation by companies developing
solutions for the industrial and consumer markets. Venture investment for companies targeting the defense,
UHVHDUFK DQG HGXFDWLRQ VHFWRUV DUH LQ WKH ORZ VLQJOH GLJLWV 7KLV LV D UHȵHFWLRQ RI LQYHVWRU HPSKDVLV RQ
short-term returns, but also of the uncertainties and limited ceiling of public sector investments and public
sector growth overall.

濫濫濫澢濕濖濝濦濙濧濙濕濦濗濜澢濗濣濡

THE MASSACHUSETTS ROBOTICS CLUSTER

63

Figure 24: 2015 VC and Private Sector Robotics Investment by Country and Sector
(Source: ABI Research, Robot Report)
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When 2015 VC and private sector robotics investments are broken down into specific target industries, as
well as the technologies/products and services that the funded companies offer, it appears that no discernible trends emerge (Figure 25). This is not entirely correct. While the target industries of recipient companies
do vary greatly, there are themes and commonalities in the types of products, technologies, and services
developed for them (Table 13). For example, all companies producing mobile ground robots are targeting a
combination of the manufacturing, warehouse/distribution, and healthcare industries. These markets share
a working environment that is semi-structured, indoors, and heavily peopled.
Similarly, the agriculture, mining, and utilities sectors are the key markets for drone manufacturers and
drone operator/data services providers. The majority of the recipient companies producing software/libraries/software development kits (SDKs) were also doing so in support of the UAV sector, and thereby pursuing
the agriculture, mining, and utilities sectors indirectly. Sensor/vision system producers offer solutions for
multiple classes of robotics providers and, therefore, support a wide range of industries.

Table 13: Target Industries for Robotics Technologies/Products/Services Investments
Technologies/Products/Services

Industries

Mobile Platforms/AGVs

Manufacturing, Warehouse/Distribution, Healthcare

UAVs

Utilities, Agriculture, Mining, etc.

Operator Services/Data Services

Utilities, Agriculture, Mining, etc.

Software/Libraries/SDKs

Utilities, Agriculture, Mining, etc.

Sensors/Vision Systems/Hardware

All Systems
(Source: ABI Research)
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Figure 25: 2015 Global Robotics Investments by Target Industries and Technologies/Products/Services
(Source: ABI Research, Robot Report)
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7.7. PRIVATE INVESTMENT IN MASSACHUSETTS-BASED ROBOTICS FIRMS
As noted above, worldwide investments in companies producing robots and robotics technologies, as well
as services and enabling technologies that directly support them, increased dramatically in 2015, reaching
Massachusetts-based companies, all
of which are located in the greater
Boston metro area, received US$190
million in private investment in 2015.

LQH[FHVVRI86ELOOLRQ VHH)LJXUH 86ȴUPVZHUHRQWKHUHFHLYLQJHQGRIWKHEXONRIWKLVIXQGLQJ
 WDNLQJLQDSSUR[LPDWHO\86PLOOLRQ0DVVDFKXVHWWVEDVHGȴUPVDWWUDFWHGDSSUR[LPDWHO\RI
the investments to companies in the United States, which reached a total of more than US$190 million. Of
these, all were located in the greater Boston area.

Figure 26: 2015 VC and Private Sector Robotics Investment, Global and United States
(Source: ABI Research, Robot Report)
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When 2015 Massachusetts robotics investments are compared with the world at large, it can be seen that
sector investment proportions are roughly comparable (Figure 27). The commercial segment dominates,
with strong representation by those companies developing solutions for the industrial and consumer markets. Venture investment for companies targeting the defense, research, and education sectors is in the low
VLQJOHGLJLWV7KLVLVDUHȵHFWLRQRILQYHVWRUHPSKDVLVRQUHWXUQVLQWKHVKRUWWHUPEXWDOVRWKHLUXQHDVHZLWK
the uncertainties and limited ceiling of companies reliant on public funding sources.
Figure 27: 2015 VC and Private Equity Investment by Sector, Global and Massachusetts
(Source: ABI Research, Robot Report)
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Global private investment trends for robotics were reflected, to a large degree, in the funding of Massachusetts-based firms. In both cases, sizable amounts of investment went to companies developing solutions
for the manufacturing, utilities, and warehouse/distribution sectors (Figure 28). Investments for companies
developing solutions for the utilities industry were almost exclusively commercial drones, and the technologies and services that support their use. The applications, for the most part, are for infrastructure inspection.
Massachusetts received a greater proportion of investment for those businesses producing robotics prodMassachusetts-based healthcare
robotics firms that recently received
investment funding include Medrobotics, Myomo, and BionX Medical
Technologies.

ucts for the healthcare/quality of life (QoL) sector, a consequence of the State’s leadership role in this market.
Investments in healthcare robotics companies were split among those developing interventional systems,
and others offering robotics technologies for rehabilitation or for use in prosthetic devices. Massachusetts
firms in this category include Medrobotics, Myomo, and BionX Medical Technologies.
Figure 28: 2015 VC and Private Equity Investment by Target Industry, Global and Massachusetts
(Source: ABI Research, Robot Report)
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FOHDQWHFKDQGHGXFDWLRQ1RGHGLFDWHGURERWLFVLQFXEDWRUDFFHOHUDWRUH[LVWVDOWKRXJKURERWLFVȴUPVKDYH
been accepted into technology-oriented incubator/accelerator programs.
Both startup incubators and accelerators assist young companies to make them both entrepreneurial
DQGVXFFHVVIXO )LJXUH 7KH\GLHULQDSSURDFKDQGWKHGHPDQGVSODFHGRQWKHVWDUWXSVLQYROYHG)RU
the most part, accelerators are more suited to more mature companies that are amenable to a structured,
ULJRURXV VKRUWWHUP DSSURDFK ΖQFXEDWRUV DUH PRUH ȵH[LEOH LQ WKHLU PHWKRGV DQG XVXDOO\ GHDO ZLWK YHU\
\RXQJȴUPV)RUVRPHFRPSDQLHVLQFXEDWRUVDUHXVHGLQSUHSDUDWLRQIRUHQWHULQJDFFHOHUDWRUSURJUDPV
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In essence, accelerators are investment companies, and their numbers
are increasing. They join VC firms
and the investment arm of private
companies as an additional source
of funding for young companies.

Some incubators and accelerators have proven successful at fostering the development of successful companies. This success, in turn, has bred success. It is estimated that more than 300 accelerators and incubators are now found in the United States. Critics of incubators and accelerators, however, are quick to point
out that measures of success, such as number of company launches and the acquisition of follow-on funding, are very uneven, and that the data sources are limited or lacking.

Figure 29: General Characteristics of Accelerators and Incubators
(Sources: Dempwolf, Auer, and D’Ippolito, 2014; ABI Research)

Accelerator

Incubator

Cohorts of Startups
Fixed Program Length
Provides Investment
Requires Equity Stake
Public Pitch Event

Individual Companies
Unﬁxed Program Length
No Investment
No Equity Stake Required
No Public Pitch Required

Mentoring
Networking
Access To Equipment
Work Space

7.8.1. Accelerators
$FFHOHUDWRUV W\SLFDOO\ IRUSURȴW RUJDQL]DWLRQV DVVLVW HDUO\VWDJH VWDUWXSV E\ SURYLGLQJ D FRPELQDWLRQ RI
stipends, workspaces, business mentorships, and connections to potential investors. The participating
companies provide an amount of non-controlling equity (usually 5% to 10%). In this sense, accelerators
DUHIRUSURȴWLQYHVWPHQWFRPSDQLHV7KHVHOHFWLRQSURFHVVIRUDFFHOHUDWRUSURJUDPVLVFRPSHWLWLYHZKLFK
increases the appeal of accepted companies to potential investors.
As their name implies, hardware accelerators are designed to speed the development of hardware techHardware accelerators typically
provide 3D printers, CNC machines,
injection molders, and other equipment used for hardware design,
prototyping, and manufacturing.

nologies, as well as reduce the risk of innovative designs failing to reach the market due to the business and
volume manufacturing inexperience of hardware entrepreneurs. Hardware accelerators are distinguished
from their more generic counterparts by the on-site availability of 3D printers, computer numeric control
(CNC) machines, injection molders, and other equipment used for hardware design, prototyping, and manufacturing. Also, the length of accelerator programs often extends beyond the typical run of 6 to 12 months.
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Notable hardware accelerators that have had success producing robotics technologies include Y Combinator
(California), TechFounders (Germany), Lemnos Labs (California), Seedcamp (United Kingdom), and HAX
(California). Hardware-centered accelerators in the greater Massachusetts cluster region include Bolt
(Boston), MIT Global Founders’ Skills Accelerator (Cambridge), and Harvard Innovation Lab (Cambridge).
Massachusetts-based accelerators that have robotics alumni include:
ȏ

MassChallenge (Boston): MassChallenge, which claims to be the world’s largest startup accelerator, is open to startup companies in any field. Under the program, which is competitive, companies
are awarded grants equaling US$50,000 or US$100,000 after a 4-month program period. Robotics
alumni include Hydroswarm and Juice Robotics (underwater vehicles), XactSense (drones and sensors), Bounce Imaging (mobile sensor), and Iron Goat (outdoor mobile robots).

Massachusetts-based accelerators
Techstars Boston and MassChallenge
have seven robotics alumni between
them.

ȏ

Techstars Boston: Techstars is a highly competitive accelerator program with a very solid reputation. The Techstars terms include a 6% equity stake for US$18,000 seed capital and the option for
a convertible note of US$51,000 to US$100,000. Rise Robotics (actuators and exoskeletons) and
Neurala (software) are Techstars Boston alumni.

7.8.2. Corporate Accelerators
A number of large corporations have also established accelerators, with the objective of improving their
capacity for innovation and gaining access to promising new technologies. These corporate acceleraWRUV RIWHQ ZRUN LQ SDUWQHUVKLS ZLWK VPDOOHU ȴUPV ZLWK VWDUWXS H[SHULHQFH DQG PDQ\ DOVR KDYH WKHLU RZQ
Large corporations also act as
accelerators.

venture investment divisions. Cisco, BMW, Flextronics, Deutsche Telekom, Google, Intel, and Microsoft serve
as examples.

7.8.3. Incubators
Unlike accelerators, incubators do not provide capital for startups and do not take an equity stake. Many,
but not all, are supported by outside grants from universities or national and state governments. Businesses
are also contributors, as are private investors. Incubators are selective, but they do not provide upfront
SD\PHQWV0RVWLQFXEDWRUVDUHIRFXVHGRQDVSHFLȴFLQGXVWU\RUQDUURZYHUWLFDOPDUNHWV
ΖQFXEDWRUVSURYLGHPHQWRUVKLSDQGQHWZRUNLQJDVZHOODVRɝFHDQGZRUNVSDFHZLWKVRPHSURYLGLQJWRROV
DQGRWKHUHTXLSPHQW7\SLFDOO\SURJUDPOHQJWKVDUHQRWȴ[HG([DPSOHLQFXEDWRUVLQFOXGHWKH$GYDQFHG
Technology Development Center (Georgia), MGE Innovation Center (Wisconsin), and Massachusetts-based
Greentown Labs. Greentown, an incubator for cleantech startups, provides co-working space, prototyping
Four Massachusetts robotics companies are alumni of the Greentown
Labs incubator.

IDFLOLWLHVDQGEXVLQHVVVHUYLFHV5RERWLFVȴUPV$XWRQRPRXV0DULQH6\VWHPV URERWLFVXUIDFHYHKLFOHV 5LVH
Robotics, RailPod (robotic rail inspection systems), and RightHand Robotics (manipulators) are alumni of
Greentown.
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7.8.4. Co-working Spaces and Makerspaces
The greater Boston area is also home to both co-working spaces and makerspaces, which can provide
temporary workspace and, in the case of makerspaces, access to equipment. Examples include WeWork
(Boston), Artisan’s Asylum (Somerville), and Cambridge Hackspace. Social robot maker Jibo was once housed
LQWKH:H:RUN%RVWRQRɝFH

Additional Insight: Over the last 5 years, a number of startup incubators and accelerators have been launched,
and programs continue to proliferate. It is important to note, however, that startup accelerators have also
been discontinued, “pivoted” to another business model, or relocated. Many of these accelerators are startups
themselves, and therefore, this behavior is in keeping with other young companies. In other instances, business
simply dropped support. For example, Qualcomm, as part of a cost-cutting initiative, ended its partnership with
Techstars for the Qualcomm Robotics Accelerator. The announcement came only weeks after the accelerator
graduated its first class of 10 robotics startups. Incubators, which are often supported with funding from universities and government sources, are less likely to fall away in this manner.

7.9. EDUCATION AND RESEARCH
Massachusetts has a well-earned international reputation as an education leader. K-12 education in the
Commonwealth consistently ranks among the highest in the United States, as well as globally. Massachusetts
is also recognized throughout the world for the quality of its colleges and universities, as well as the groundbreaking research that occurs within the State.

7.9.1. Degree Programs
Massachusetts is densely populated with institutes of higher learning. Metropolitan Boston alone is home to
More than 16 educational institutions in the Boston area have undergraduate engineering programs
for disciplines critical to robotics
development.

more than 50 private and public colleges and universities, and within the entire State and other geographic
DUHDVWKDWGHȴQHWKH0DVVDFKXVHWWVURERWLFVFOXVWHUPDQ\PRUHFDQEHIRXQG0RUHWKDQLQVWLWXWLRQVLQ
the Boston area have undergraduate engineering programs for some combination of the three disciplines
critical to robotics development: electrical engineering, mechanical engineering, and computer science.
Undergraduate robotics engineering programs are rare, although robotics minors are available.
Advanced degree programs for electrical engineering, mechanical engineering, and computer science
DUHDOVRRHUHGDWDQXPEHURIXQLYHUVLWLHVLQWKHJUHDWHU%RVWRQPHWURSROLWDQDUHD:RUFHVWHU3RO\WHFKQLF
ΖQVWLWXWH :3Ζ LVQRWDEOHLQWKDWLWKDVDGHGLFDWHGJUDGXDWHURERWLFVHQJLQHHULQJSURJUDP:3ΖDOVRRHUV%6
DQG06GHJUHHVLQURERWLFVHQJLQHHULQJDQGZDVWKHȴUVWLQVWLWXWLRQLQWKHQDWLRQWRRHUDOOWKUHHGHJUHHV
in robotics.

7.9.2. University Research Laboratories
The Massachusetts robotics cluster is also home to world-class robotics research laboratories and innovation centers. Across 10 Massachusetts academic institutions, in more than 40 separate laboratories and
study groups, researchers are performing groundbreaking primary and applied robotics research, as well as

濫濫濫澢濕濖濝濦濙濧濙濕濦濗濜澢濗濣濡

THE MASSACHUSETTS ROBOTICS CLUSTER

70

carrying out investigations into other associated areas of study. The academic institutions where this critical
work is ongoing are given in Table 14. Appendix B provides greater detail.
Table 14: Representative Massachusetts Research Universities
Boston University

Tufts University

Brandeis University

University of Massachusetts, Amherst

Harvard University

University of Massachusetts, Dartmouth

Massachusetts Institute of Technology

University of Massachusetts, Lowell

Northeastern University

Worcester Polytechnic Institute
(Source: ABI Research)

The neighboring states of Massachusetts also have universities that are performing important research and
contributing indirectly to the greater Massachusetts robotics cluster. Examples include University of Rhode
Island, Brown University, Dartmouth College, University of New Hampshire, University of Maine, University of
Vermont, University of Connecticut, Yale University, and more.

Massachusetts Spotlight: NASA Awards Two R5 Humanoids to Northeastern and MIT
In November 2015, NASA selected MIT and Northeastern University/UMass Lowell to receive a Valkyrie
humanoid robot, so that research focused on adapting the systems for use in space and possibly on Mars
can be conducted. The awarding of the Valkyrie robots followed an extended, competitive selection process,
with potential recipients drawn from the international collection of teams that competed in the 2015 DARPA
Robotics Challenge. The DARPA Robotics Challenge was designed to foster the development of autonomous
robotics capable of performing various emergency response tasks.
The MIT group will work out of the Computer Science and Artificial Intelligence Laboratory (CSAIL) under
principal investigator Russ Tedrake. The Northeastern University/UMass Lowell team is led by Taskin Padir,
and includes Rob Platt at Northeastern and Holly Yanco at UMass Lowell. The Northeastern/UMass Lowell
Valkyrie robot is housed at the NERVE Center. Both groups will receive US$250,000 in funding per year for
a 2-year period to develop new algorithms that will extend the capabilities, increase the autonomy, and improve the dexterity of the bipedal, 6-foot-tall, 290-pound humanoids. NASA is also providing each research
group with on-site and virtual technical support.
.

7.9.3. Private, Non-profit Research Facilities
Massachusetts is recognized worldwide as a leading center for advanced R&D. This includes private,
QRQSURȴW 5 ' IDFLOLWLHV 7ZR RI WKH PRUH QRWDEOH H[DPSOHV LQFOXGH )DOPRXWK 0DVVDFKXVHWWVEDVHG
Woods Hole Oceanographic Institution (WHOI) and the Charles Stark Draper Laboratory (Draper) located in
Cambridge, Massachusetts.
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The WHOI is the largest independent oceanographic research institution in the United States and a leading
developer of marine robotics technologies including the only deep-diving research submersible in the United
WHOI, the largest independent
oceanographic research institution in
the United States, is responsible for
the development of some of the most
iconic marine systems in the world.

States, the iconic Alvin Human Occupied Vehicle (HOV). Like Alvin, the Jason series of ROVs, which were
famously used to survey the wreck of RMS Titanic, was also developed by WHOI’s National Deep
6XEPHUJHQFH )DFLOLW\ 7KH PDULQH URERWLFV FRPSDQ\ +\GURLG ZDV VSXQ R IURP :RRGV +ROH WR
commercialize another Woods Hole submersible, the REMUS AUV.
In addition to performing research and engineering advanced marine technologies, Woods Hole also
boasts of undergraduate, graduate, and postdoctoral programs for educating the next generation of marine
scientists, engineers, and entrepreneurs, often in partnership with other institutes of higher learning.
For example, in 2016, WHOI reached a milestone: it conferred the 1,000th graduate degree as part of a joint
education program between MIT and Woods Hole.
Funding for Woods Hole research has many sources, both public and private. Commercial companies
partner with WHOI for the development of new technologies, as do governmental agencies, such as the
NSF, the NOAA, the Environmental Protection Agency, and more. Academic institutions such as Cornell
University, MIT, the U.S. Naval Postgraduate School, University of Tokyo, and more have partnered with

In 2014, Massachusetts awarded
WHOI a US$5 million grant for developing marine robotics technologies.

WHOI, as have a number of private foundations. The State of Massachusetts, too, supports the work
of Woods Hole. In 2014, the Commonwealth of Massachusetts awarded WHOI a US$5 million grant for
developing and testing marine robotics technologies.
Draper has a long history of innovation in multiple fields, many of which intersect with robotics: autonomous
navigation, medical devices, AI, and more. This work is often accomplished in partnership with research universities. For example, Draper was recently awarded a US$3.4 million contract by DARPA to develop UAVs
that autonomously sense and navigate through unknown environments without external communications
or global positioning system support.

7.9.4. Robotics Research at Medical Centers
The institutions described above are joined by others performing investigatory robotics work in the many
research hospitals, medical institutions, and rehabilitation centers for which Massachusetts is celebrated.
Renowned institutions, such as the Lahey Hospital & Medical Center, Tufts Medical Center, Massachusetts
Eye and Ear Infirmary, Brigham and Women’s Hospital, and others, have their own dedicated robotics
research efforts underway, often working in partnership with others from academia and industry. For
Massachusetts research hospitals,
medical institutions, and rehabilitation centers also perform robotics
research and commercialization
efforts.

example, researchers working in the Pediatric Cardiac Bioengineering Lab at Boston Children’s Hospital
are developing new medical techniques using robotics technologies to improve healthcare results. So, too,
are the Pediatric Cardiac Bioengineering Laboratory and Developmental Endoscopy Research Lab at
Massachusetts General Hospital.
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7.10. NATIONAL LABORATORIES
Massachusetts is home to two federally funded R&D centers that address critical national security issues
XVLQJDGYDQFHGWHFKQRORJ\LQFOXGLQJURERWLFV7KHȴUVW/H[LQJWRQEDVHG/LQFROQ/DERUDWRU\LVVSRQVRUHG
E\WKH86'R'DQGLVDGPLQLVWHUHGE\0Ζ75HVHDUFKSURJUDPVDW/LQFROQ/DERUDWRU\GHDOVSHFLȴFDOO\ZLWK
robotics, particularly work related to autonomous ground and air systems, and human-robot collaboration.
The National Security Engineering Center (NSEC) in Bedford is also sponsored by the DoD. Administered by
the MITRE Corporation, NSEC is actively developing solutions in the areas of unmanned aerial and ground
Lincoln Laboratory and NSEC are
Massachusetts-based, federally
funded R&D centers that contribute to the overall Massachusetts
robotics ecosystem both directly and
indirectly.

systems, micro robotics, mobile telepresence robots, advanced manipulation, and more.
Lincoln Laboratory and NSEC contribute to the overall Massachusetts robotics ecosystem both directly
DQGLQGLUHFWO\2QJRLQJ5 'ZRUNLVRIWHQDFROODERUDWLYHHRUWZLWKRXWVLGHVXSSRUWIURPDFDGHPLDDQG
LQGXVWU\W\SLFDOO\IURP0DVVDFKXVHWWV%URDGHURXWUHDFKHRUWVUDQJLQJIURPRQVLWHWHFKQLFDOZRUNVKRSV
to community-based STEM education initiatives, are also common.

7.11. MASSACHUSETTS MILITARY INSTALLATIONS
Massachusetts is home to six military installations, two National Guard bases, and a number of smaller
Army Reserve and National Guard units. According to the UMass Donahue Institute, these installations
contributed approximately US$1.3 billion to the Massachusetts economy in 2013, the latest year for which
ȴJXUHVDUHDYDLODEOH 80DVV'RQDKXHΖQVWLWXWH $PRQJWKHDFWLYLWLHVXQGHUWDNHQDWWKHVHIDFLOLWLHVLV
research, often in partnership with local Massachusetts companies.

7.11.1. U.S. Army Natick Soldier Systems Center
Natick Labs is a DoD research and engineering facility responsible for developing innovative soldier support
LWHPVLQFOXGLQJFORWKLQJIRRGSRUWDEOHVKHOWHUVDQGZDUȴJKWHUVXUYLYDELOLW\HTXLSPHQW%\H[WHQVLRQWKH
Natick Labs performs research for
the DoD, including work involving
robotics technologies.

technology developed at the lab can also be used for disaster relief or for other humanitarian purposes.
Research, development, and testing activities at Natick Labs have involved robotics technologies such as
exoskeletons, advanced sensors and controllers, miniature robots, and more.
Natick Labs is populated with its own research scientists and engineers, but also partners with academia

Natick Labs offers research, engineering, and testing services to third
parties on a fee-for-service basis.

and private industry on some projects. Engineering and testing services are also available on a fee-forservice basis.

7.11.2. Joint Base Cape Cod
The Federal Aviation Administration (FAA), in accordance with the FAA Modernization and Reform
Act of VHOHFWHGVL[SXEOLFHQWLWLHVORFDWHGLQVL[GLHUHQWORFDWLRQVWKURXJKRXWWKH8QLWHG6WDWHVWR
develop UAS test sites around the United States. The six sites are conducting research into the requirements
necessary to safely integrate civil and commercial UAS into the U.S. national airspace (NAS).
One of the six public entities selected to develop the test sites and perform research was the Northeast UAS
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The NUAIR Alliance, one of six groups
selected by the FAA to develop UAS
test sites and carry out research,
includes many Massachusetts-based
universities and research labs.

$LUVSDFHΖQWHJUDWLRQ5HVHDUFK 18$Ζ5 $OOLDQFH7KHQRQSURȴW18$Ζ5$OOLDQFHFRQVLVWVRIDUHVHDUFKQHWZRUN
of more than 20 universities and research laboratories, such as MIT, UMass Lowell, WPI, Draper, Cape Cod
&RPPXQLW\ &ROOHJH DQG %RVWRQ 8QLYHUVLW\ (DFK LQVWLWXWLRQ IRFXVHV RQ VSHFLȴF VWDQGDUGV WHFKQRORJLHV
capabilities, protocols, risks, and procedures.
NUAIR is also made up of New York and Massachusetts private businesses, as well as facilities
supporting testing of UAS. Raytheon, ARCON Corporation, and Charles River Analytics are MassachusettsEDVHG 18$Ζ6 SDUWQHU FRPSDQLHV 7KH 18$Ζ5 WHVW VLWHV LQFOXGH *ULɝVV ΖQWHUQDWLRQDO $LUSRUW LQ 1HZ <RUN
State and Joint Base Cape Cod (JBCC) in Massachusetts, plus other locations on a case-by-case basis. Testing

Massachusetts private businesses,
as well as JBCC, are also part of the
NUAIR Alliance.

ȵLJKWV DW -%&& VLWHV DUH FRRUGLQDWHG WKURXJK WKH 0DVVDFKXVHWWV 8QPDQQHG $LUFUDIW 6\VWHPV 7HVW &HQWHU
0$ 8$67&  0DVV'HYHORSPHQW WKH &RPPRQZHDOWKȇV HFRQRPLF GHYHORSPHQW DQG ȴQDQFH DJHQF\ KDV
FRQWUDFWHGZLWKWKHSULYDWHȴUP$YZDWFKWRPDQDJH8$67&RSHUDWLRQV

7.11.3. Fort Devens
For almost 80 years, Fort Devens was an active-duty military base. The 4,888 acre site closed in 1996, and at
WKDWWLPH0DVV'HYHORSPHQWWKH&RPPRQZHDOWKȇVȴQDQFHDQGHFRQRPLFGHYHORSPHQWDJHQF\SXUFKDVHG
the base. Since then, nearly 100 companies have located to Fort Devens (the Massachusetts Army National
Guard also maintains a presence). Among them are:
ȏ

Quiet Logistics: Quiet Logistics is a third-party fulfillment services provider for e-commerce
companies. The company has recently spun off Locus Robotics, a maker of indoor mobile service
robots for goods-to-man picking.

ȏ

DCS Corp: DCS Corp is an engineering services firm serving the defense sector. The company has
developed solutions for the DoD, often working with outside R&D laboratories, in the areas of UAS
and autonomous ground vehicle systems.

ȏ

MagneMotion: MagneMotion provides electro-magnetic conveyance systems for transportation and material handling, which are often used in conjunction with robotics in a manufacturing
automation role. Rockwell Automation, the world’s largest supplier of industrial automation solutions, including systems employing robotics technologies, recently announced that it was acquiring
MagneMotion. MagneMotion will be incorporated into Rockwell’s motion solutions group, which
also includes robotics.

7.11.3.1. Devens Interoperability Playground
In 2014, MassDevelopment, the New England chapter of the Association for Unmanned Vehicle Systems
International (AUVSI), an international unmanned systems trade group, along with the Mass Technology
Leadership Council (MassTLC), a technology business development association, signed a memorandum of
understanding (MOU) to work cooperatively toward developing a center of interoperability for unmanned
systems at Fort Devens. In 2015 and 2016, AUVSI New England hosted a robotics industry trade event at
Fort Devens, Robotica. The event will also take place in 2017.
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