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Levels
Autonomy 

Stage
Industry and Regulatory View

How Does Autonomy Fit into 
Industry 4.0? 

Importance/Impact

Level 0
No 

Automation

Zero/no autonomy; the driver performs 
all driving tasks

Robots: Autonomous mobile robots 
(AMRs) utilize perception and trained 
neural networks to initiate tasks 
without human intervention

Mobility: Autonomous vehicles (AVs) 
can accomplish defined tasks like 
driving from Seattle to Portland 
without operator interaction and 
system control over safety and 
uncertainty

Site Specific: Autonomy in the 
warehouse, construction site, 
agricultural field and mine will 
continue to become more common

Urban Air Mobility: Hazard density and 
response options offer different 
possibilities for solutions that use fully 
autonomous systems or fall-back pilots

Autonomy will drastically increase 
asset utilization and lower operating 
costs in the trucking industry (45% 
reduction). Estimated savings to the 
industry of $85B - $125B

AMRs and Autonomous Guided 
Vehicles (AGVs) significantly improve 
workflows in the warehouse and 
supply chain to enhance flexibility, 
productivity, and achieve a sustained 
competitive advantage

AI can further improve operational 
efficiencies by analyzing the current 
state of operations and adjusting the 
operational processes accordingly by 
coordinating and distributing real-time 
tasks based on capabilities, location, 
and availability, and sharing 
information across platforms

Safety benefits of autonomous vehicles 
are paramount. 94% of serious crashes 
are due to human error

Level 1
Driver 

Assistance

The vehicle is controlled by a driver, but 
some driving assist features may be 
included in vehicle design

Level 2
Partial 

Automation

The vehicle has combined automated 
functions (acceleration, steering) but 
the driver must remain engaged and 
always monitor the environment

Level 3
Conditional 
Automation

The driver is a necessity but is not 
required to monitor the environment. 
The driver must be ready to always take 
control of the vehicle

Level 4
High 

Automation

The vehicle can perform all driving 
functions under certain conditions. The 
driver may have the option to control 
the vehicle

Level 
5/6

Full 
Automation

The vehicle can perform all driving 
functions under all conditions. The 
driver may have the option to control

Autonomy at a Glance

Source: NHTSA, Caterpillar, Locomation, Vecna Robotics
Note: Autonomy levels per NHTSA, Site Specific = Construction, warehouse, mining agriculture fields, etc.
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Industry Drivers Create Change and Foster Innovation

Source: Ark Research, Mckinsey, Deloitte, The Robot Report, Automotive World

Lidar
Electric Vehicles & Energy Storage

Neural Networks, AI Algorithms, &
Data Infrastructure and Storage 

Structured Environment/AMRs Regulatory & Political

Batteries are the largest expense for electric 
vehicles (EVs), reaching roughly 20-30% of the 
sticker price. As this pricing comes down and more 
stationary energy storage charging networks are 
installed, EVs increasingly become a solution for 
residential, fleet, private, public, and 
micromobility transport

Trained neural networks and AI help autonomous 
vehicles perform safely in unknown conditions, but 
equally important is evolution of the data 
infrastructure, 5G, and cloud storage that makes these 
computations possible. Most AV tech computations and 
algorithms use large synthetic and observed data sets 
that requite massive amounts of storage, and cost 
declines in cloud computing make operations more 
economical and drive industry growth

Structured environments are seeing more 
traction in implementing autonomous 
technology, in part because operations 
occur in controlled and predictable 
environments. Human operators are also 
trained to work with equipment, follow 
facility protocols and safety measures that 
are not enforced in an unstructured and 
unpredictable environments

The National Highway Traffic Safety 
Administration has offered guidance to the 
AV industry, but these are broad and 
voluntary. Meanwhile, the US Department 
of Transportation’s recent policies have 
established automation principles that will 
apply to the DOT’s role in overseeing AV 
development

Lidar technology is rapidly maturing and declining in 
cost. As Lidar technology advances, solutions become 
more accurate, cheaper, smaller and more applicable 

across industries

The Future of Mobility 
& Autonomy 2021

Data optimization, autonomized value chains, and robotic systems will bring organization across all sectors
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Autonomy Timeline and Use Cases

Source: NHTSA, Locomation, TuSimple, SafeAI, Mobile Robot Guide, Forbes

Present Day (2021) Soon-To-Come (2021-2025) Future (2025+)

Picking & Put-Away

Hop-to-Hop Autonomy

Warehouse 
Navigation

Autonomous Long-Haul Trucking

Fully Autonomous Passenger 
Vehicles

Widespread adoption of AMRs

Next-Generation Robotic Service Providers

Level 4 Autonomy

Level 5 Autonomy

Autonomous Construction Trucks (Hauling/Dumping)

Autonomous Dozers

Autonomous Loaders
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Urban Air Mobility

Drone Inspection

Autonomous Guided 
Vehicles

Level 1 Autonomy

Level 0 Autonomy

Level 2 Autonomy Level 3 Autonomy

Structured Environment / Warehouse Unstructured Environment / Open Road

Robotaxis

Autonomous repositioning and charging

Autonomous Mid-Mile Trucking Autonomous Last-Mile Trucking
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Cascadia Near Term Predictions
Structured environments 

will set the stage
Liability will shift to AV 

manufactures & designers
Autonomy’s red tape: 
Policy and Regulation

Unstructured landscapes 
remain on the horizon

• Autonomy in the near term will 
flourish in structured 
environments like the 
corporate campuses, 
warehouses, construction sites, 
mining locations, long haul and 
middle mile highway trucking 
routes, farms, and other more 
predictable environments

• These are billion-dollar 
industries where autonomous 
solutions have already started 
to have an enormous impact

• Autonomous solutions will 
learn from moving material, 
collecting data, planting, 
driving, and other tasks to 
generating business value and 
transferable insight

• AV manufacturers and software 

designers will continue to need 

to prepare for product liability 

resulting from damages or 

injuries due to AVs

• Thus, we anticipate insurance 

companies will increasingly 

focus on the industry and work 

with industry participants to set 

safety standards and guidelines 

such as UL-4600

• Similarly, we see the industry 

heavily borrowing from other 

established industries like 

aviation to bring safety-critical 

software and systems to AVs

• In the United States, despite 
the legal concern of AVs, there 
is only limited guidance from 
the US National Highway Traffic 
Safety Administration and the 
US Department of 
Transportation, as most guiding 
legislation today comes from 
the states

• We expect to see more  
movement come on the OEM 
side, especially OEMs with 
activities in Germany, Japan, 
and China where market 
developments, and recent legal 
changes, will pave the way for 
implementation roadmaps in 
the USA and potential 
regulations

• The widespread deployment of 

fully autonomous driving 

systems (no human driver) will 

take substantial time

• We predict that autonomy will 

be adopted first on a 

local/regional level and will 

gradually evolve into specific 

categories of mobility such as 

robotaxis, personal self-driving 

technology, airtaxis, and others 

• Autonomy will see faster 

growth in well planned newer 

cities such as in Asia, whereas 

historic cities like Boston or 

Paris will require more 

advanced autonomous driver 

systems to navigate its design
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Autonomous 

Software

The autonomy landscape has massive potential to create streamlined efficiency in many daily operations. Today, we expect autonomy solutions in the 
warehouses to double and increase end-market applications. Future deployment in shared, autonomous, and electric vehicles is expected to account for nearly 
a quarter of all US miles driven by the year 2030. Additionally, urban air mobility is well-positioned to revolutionize intra-city travel. The autonomy market is 
well-positioned to make headway into daily life and represent one of the largest market opportunities both today and in the future

Outlining the Autonomy Landscape

Representative Technologies and Applications Driving the Autonomy Landscape

Source: BCG

Autonomous 

Hardware

Artificial Intelligence, Machine 
Learning & Computer Vision

Vehicle to Everything 
Infrastructure

Cloud IoT

5G

Blockchain

Logistic Systems 

Integration

Mobility & 
Ridesharing

Urban Air Mobility

Retail & Facility 
Automation

Long Haul, Middle Mile & 

Last Mile Delivery

Lidar & 

Other Tech

Inventory Management & 
Smart Packaging

Asset Inspection & 
Computer Vision

Warehouse and 
Delivery AMRs

Technology

Ag AMRs

Data Collection

Applications

Safety
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Drawing the Line Between Structured & Unstructured
As talk of autonomy increases, the focus on structured and unstructured applications is important to bifurcate

Structured Environments
A set of prescribed actions performed with little to no human assistance, 
typically rule-based responses in closed and/or controlled environments 

Unstructured Environments
Ability to perform under dynamic conditions and compensate for system 

complications without external intervention in an open, unrestricted world

Source: ISG, Caterpillar, Airbus, SafeAI, Outrider, Locomation, Aurora

Mobility: Trucks operating in yard operations, and facility to 
facility transport are scheduled, repetitive and autonomous 
solutions can automate these workflows to streamline efficiency, 
lower cost, increase safety, and operate more sustainably

Urban Road Mobility: Personal vehicles, trucks and 
robotaxis will autonomously accomplish tasks such as 
driving from Seattle to Portland without any operator 
interaction and have control over safety of passengers and 
active pedestrians

Construction: Autonomous machines will operate entire 
jobsites in urban and suburban environments without 
human operators and take control of safety and critical 
operational functions

Construction: Retrofitting existing equipment with 
autonomous technology that is designed to perform 
manual tasks like hauling and dumping will maximize 
productivity without needing to replace the existing fleet

Robots: Robots can execute work in environments that are 
unpredictable without humans kicking them off, and can 
make decisions based on rules that a human coded or 
based on a correlation the system identifies

Robots: Manufacturing robots in structured facilities (AMRs) are 
given prescribed sorting, assembly, or package retrieval tasks 
typically require little assistance once running 

Urban Air Mobility: Autonomy systems in helicopters, 
planes, drones, and other unmanned aerial systems (UASs) 
will be used to expand air travel, streamline commutes, 
increase fuel savings, and reduce operating costs

Mining: Autonomous hauling systems for mining trucks can 
self-operate and perform the drilling, dozing, and hauling 
processes with command technologies that lengthen 
operation time and reduce the risks of employee injury
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Agriculture 
AMRs

AI Crop 
Inspection

AMRs Inventory 
Drones

Long Haul and 
Middle Mile

Corporate 
Transportation

Autonomous 
Hauling

Autonomous 
Dozers

AMRs are being 
used to optimize 
agricultural 
facilities by 
automating tasks 
such as tilling, 
weed 
elimination, crop 
picking, 
fertilization and 
watering

AI and computer 
vision are 
revolutionizing 
the agriculture 
industry by 
automating crop 
inspection to 
assess health 
and recommend 
growing 
techniques

AMRs are 
optimizing 
warehouses & 
closed facilities 
by automating 
mundane tasks 
such as sorting, 
picking, packing, 
and moving

Drones are 
optimizing 
inventory 
management 
platform for 
modern 
warehouses with 
autonomous 
solutions 

Autonomous 
solutions are 
allowing 
companies such 
as Walmart to 
automate and 
monitor their 
pre-set, middle-
mile delivery 
routes from 
facility to facility

Large companies 
with campuses 
such as 
Microsoft are 
looking to 
automate 
employee 
transportation 
via autonomous 
people movers 
(shuttles)

Autonomous 
hauling systems 
(AHS) are serving 
to increase 
efficiency and 
reduce worker 
injury risk at 
mine & 
construction 
locations

Autonomous 
dozing 
technologies 
allow operators 
to control 
multiple dozers 
from a single 
location on the 
jobsite, thereby 
reducing costs 

Structured Autonomy Brings Opportunity For Disruption
Businesses are starting to focus on implementing autonomy in structured environments for repetitive tasks

Source: Mckinsey, Deloitte, MiR

Warehouse/Facility TransportationFood and Ag Construction/Mining

While early adopters of autonomous technologies have seen real and often measurable results, there can be a hesitation from other manufacturers 
to invest in technology while it’s still in its early stages. However, as more historic processes struggle to keep pace with increasingly complex supply 
chains and increasing costs, company leaders must prioritize gaining operational efficiency and data insight or run the risk of being left behind or 
face lower profit. The expectation is 78% of business are thinking about implementing autonomous technology like AMRs but there remains some 
uncertainty
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Autonomous technologies provide a clear path to further profitability and efficiency in structured environments

Source: McKinsey, Vecna Robotics

The industrial autonomous robots' sector is experiencing increased 
investment and rapid growth. The main driver of this major growth is 
fundamental industry changes that require companies to increase 
throughput, reduce costs and substitute/replace labor, and adapt to 
digitization of operations in a changing economic environment 

AMRs are used in warehouses, distribution centers, and factories for moving 
pieces (boxes, pallets, tools, etc.)  between various machineries, transfer 
points, and storage areas. Increased computing power with AI allows these 
AMRs to continually learn and thus continually increase efficiency and 
throughput via task allocations, information sharing, and navigational 
efficiency

Companies such as Vecna Robotics and Seegrid 
have developed a technology that combines AMRs 
with AI/machine learning. These robots navigate 
the warehouse autonomously while learning as 
they work. This combination fosters agile and 
flexible workflows to consistently meet needs in 
an ever-changing business environment. These 
AMRs can handle a wide range of capacities for all 
types of material handling applications

Main Drivers Triggering Investment in Robotics and Automation 
Solutions, 100% = 85 respondents

2

19

24

31

34

36

42

49

54

54

55

82

Brand Perception

Additional Production Equipment Needs

New Technology Applications

Decreasing Robotics Prices

Respond to Labor Shortage

Unburdening of Employees

Increase Safety

Enable Higher Production Flexibility

Increase Productivity

Improved Capabilities

Improve Quality

Reduce Cost

Source: McKinsey Global Robotics Survey, 2018

Use Case: AMRs are Powering Industrial Efficiency
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20%
25%

Pre Covid Post Covid

Autonomous technologies provide a unique path to further profitability for micromobility companies

Source: Bloomberg, McKinsey, Tortoise

Despite the negative impact of COVID-19 on the mobility industry, 
micromobility passenger-miles traveled are forecasted to increase 10% by 
2030 compared to 2019 ridership levels

Additionally, the profitability of micromobility is also forecasted to increase 
by ~5% post-pandemic, driven primarily by industry consolidation and 
decreased city permit fees designed to incentivize alternative urban 
transportation

Autonomous technologies offer additional, untapped, profit-maximization 
opportunities by addressing the largest cost of micromobility: Relocation. 
Transport that can re-locate autonomously with minimal human interaction 
will save companies massive amounts in costs

Tortoise has developed a technology that combines 
self-driving autonomy with controlled features that 
can be adapted to any type of shared, dockless 
vehicle. Thus, autonomizing the repositioning and 
charging while eliminating costs for relocation 
teams. The vehicles will autonomously drive 
themselves back to dedicated zones, enabling 
further profitability improvements in micromobility

Profitability

City-permit fees
Back-office

Insurance

Credit-card fees

Vehicle purchasing

Maintenance

Relocation

5% increase, 
assuming no 

price changes

Decreased city 
permit fees

Cost reduction 
as consolidation 

occurs

No significant 
effect expected

Assumptions

Purchasing 
price: $300-400

LTV: 3 months

Trips per day: 5

Average trip 
duration: 15-20 

minutes

Cost per 
minute: $0.15-

0.20

Fixed fee per 
ride: $1.00 

Micromobility has potential to increase profitability post COVID-19
Cost per ride, %

Use Case: Unlocking the Profitability of Micromobility
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Data Collection Provide Upside for AV Products

“For our team at Gecko Robotics, 
digitization means taking full 
operational advantage of both the 
data that already exists within each 
plant and the new datasets that are 
emerging from the use of robotics 
and sensors.

Robots come into play because they 
allow for the collection of datasets 
that were previously painstaking to 
achieve due to either the dangerous 
nature of the environment or the 
sheer scale of the equipment. Data 
that was previously collected 
manually was not consistent over 
time in terms of accuracy and 
location. The strength of robots is 
to do something over and over 
again with precision.”

Farming & 
Agriculture

Key Solutions Data Collection will Solve: 
• Higher crop yields
• Efficient resource allocation 
• Faster grow times & better quality

Warehousing

AVs & 
Insurance

Asset Inspection 
& Maintenance

Key Solutions Data Collection will Solve: 
• Scarcity of laborers and data quality
• Demand forecasting
• Increased throughput

Key Solutions Data Collection will Solve: 
• Autonomous vehicle system learning
• Road safety and better routes
• Increased city mapping

Key Solutions Data Collection will Solve: 
• Actionable data for monitoring assets
• Faster inspection times
• Higher quality inspection data

Agricultural AMRs explore crop fields and capture data on health and 
yield at the level of individual plants on a massive scale, enabling 
farmers to have actionable information on their crops and maximize 
their yield

Warehouse AMRs provide a mechanism for warehouse managers to 
autonomously capture data about the movement of materials and 
inventory utilization, allowing them to take action to improve these 
aspects of their operation

AVs collecting real-world data while driving is essential for AV companies 
and the companies provide them insurance. Data on how AVs respond 
to different situations allows both companies to identify their risks and 
create the necessary provide coverage of autonomous mobility

Crawler-inspection AMRs are used to not only inspect the condition of 
assets such as production machinery, turbines, and pipelines, but they 
also collect inspection data on the functionality of the asset to allow 
managers to make maintenance decisions

AI and autonomy will meet real and pressing needs to increase actionable intelligence and reduce costly errors

Source: The Robot Report, ASCM Insights, Reply, Rigzone, Gecko Robotics 

Car Rental & 
Leasing

Key Solutions Data Collection will Solve: 
• Inspection time savings
• Easily uploaded imaging data
• Data quality for liability claims

AMRs roams freely through the parking lot and scans rental fleet license 
plates until it finds the correct car, then it moves around the car to 
inspect for new damages, collecting car condition data, new damage data 
and automatically filling out a damage report

Troy Demmer, Co-Founder and COO
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The NHTSA is currently working through revised Federal standards that govern the use of autonomous vehicles on the open road. The UL-4600 safety standard 
is helping to drive the safety considerations of autonomous vehicles. In addition, insurance coverage and ethical considerations will need to be solved on the 
path to adoption.

Source: UL 4600: Standard for Safety for the Evaluation of Autonomous Products, Dec 2019; Edge Case Research; Business Insider

Safety Standards That Will Shape Autonomous Products
Safety protocols will help decrease manufacturer & designer liability and bring autonomous driving systems forward

(1) SPI – Safety Performance Indicator; (2) ISO 26262: Road vehicles — Functional safety; (3) ISO/PAS 21448: Road vehicles — Safety of the intended functionality

Operation of 
autonomous 

items

Sensors, Machine 
Learning Data, & 

Simulation

Hardware/ 
Software Failures

Human Impacts
Lifetime Value of 

Equipment

Other Risk 
Mitigants & 

Safety Standards

Heterogeneous 
Approach

A particular item’s 
safety case might 
require a 
structured 
environment for
safe operation but 
structure is not
assumed to be 
present by 
default. Operation 
in unstructured 
environments 
must be 
disclaimed by the 
product in its case 
along with a use 
argument, 
evidence &
SPIs1

Operational data 
provided by third-
party components 
such as hardware, 
software, sensors, 
etc. that could 
provide 
potentially 
inaccurate, 
incorrect, 
incomplete, or 
misleading data 
must be detailed 
to ensure 
accuracy and 
make proper 
safety case

Potential defects 
and failures of 
hardware and/or 
software in the 
item, data 
collection
functions, data 
processing 
functions, 
communications, 
engineering 
support systems, 
tools, and 
infrastructure 
support in 
systems must also 
be detailed as a 
third-party 
component

Human 
contributions to 
potential risk 
must be identified 
in a safety case, 
including 
occupants, 
pedestrians, cargo 
handlers, 
maintainers, 
inspectors, and 
others to 
understand the 
human roles in 
creating as well as 
mitigating risk

Lifecycle 
considerations, 
including design 
data collection, 
engineering data
management, tool 
qualification, 
design, 
implementation, 
testing, validation, 
field data 
collection, 
operations, 
maintenance, 
updates, 
upgrades, and 
retirement are 
included in a UL-
4600 safety case

Risk mitigation 
and other aspects 
of contributions 
made
by conformance 
with other 
standards like ISO 
262622 and 
ISO/PAS 214483

standards for 
products within 
scope for those 
standards (such as 
cars) can be 
included and 
serve to build a 
more 
comprehensive 
safety case within 
UL-4600 

Ability to use a 
heterogeneous 
approach to 
arguments, 
including use of 
diverse
standards to 
support safety 
(e.g., use of 
different but 
acceptable 
functional safety 
standards) is 
unique to UL-4600 
and positions it 
well to serve 
further 
advancements

Nat Beuse , Head of Safety at Uber 
ATG’s (Now Aurora) 

"Uber ATG believes that voluntary 
industry standards that support the 
safe development and deployment of 
self-driving vehicles (SDVs) are an 
important consideration for all 
companies in this space. UL's new 
standard and their approach to 
standards development allows for rapid 
iteration and feedback, which is on 
pace with what our industry needs.”
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Use Case: Autonomous Vehicles are Poised to Disrupt

0
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2020 2025 2030 2035 2040

Conditionally 
Autonomous

Conditionally 
Autonomous

Fully Autonomous

Fully Autonomous

Low-Disruption 
Scenario

High-Disruption 
Scenario

Commercial 
introduction by new 
tech players and 
premium OEMs

Availability 
in popular 
customer 
models

Factors in Disruption Scenarios
Regulatory challenges 
Safe, reliable technical solutions
Consumer acceptance, willingness to pay 

High Disruption
Fast 
Comprehensive
Enthusiastic 

Low Disruption
Gradual 
Incomplete
Limited

Executive Order

Enacted Legislation

None

Enacted Legislation & 
Executive Order in Place

AV manufactures are well-positioned to be highly disruptive. We anticipate 
adoption to occur on a tiered basis given the way states have rolled out 
executive orders and legislation thus far. Manufactures and AV designers 
must also consider liabilities as accidents' responsibility shifts away from 
drivers.

The regulating bodies like NHTSA and DOT have also been limited in their 
guidance and continue to focus on understanding future regulatory barriers 
to reflect the new technology emerging in the AV systems

Projected Scenarios for Fully Autonomous Vehicles
New-Vehicle Market Share of Autonomous Vehicles, %

States with Autonomous Vehicles Enacted Legislation 
and Executive Orders Technical/regulatory 

barriers delaying 
commercial-scale 
introduction

Commercial 
introduction by 
mass market 
leaders

AVs have the potential to bring major advancements 
to the future of mobility
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Mobility choices integrating customer transit needs are expected to increase in demand as the cost curve comes down

Physical infrastructure is 
needed to facilitate 

everything from highway 
tolls, congestion fees, 

flow, and parking 
management for a range 

of mobility types 

In-transit needs will vary 
from quick stops for friends 
or coffee to office stops and 

errands. All of which will 
need to be integrated into 

the customer journey in the 
ridesharing

Fleet operations will play an important role in 
vehicle tracking, procurement, insurance, and 

ride scheduling

Vehicles need original 
equipment manufacturers 

(OEMs) that create parts for 
suppliers to deliver to 

facilitate the production of 
autonomous drive hardware 

& software applications

Mobility management uses 
history, current circumstances, 
and  information from different 

modes of travel in the city 

Energy infrastructure to 
manage supply chain, 

consumption, and battery 
life for micromobility will 

need to be in place to 
accommodate travel

The mobility sector is expected to change over the next ten years, as people forgo traditional types of vehicle purchases that cause more congestion and further 
migrate to ridesharing and products that offer mobility as a service. Uber and Lyft have acknowledged the ride prices have climbed and recent analysis shows cost 
of a ride are over 37% higher today compared to prices last year. Prices are sill climbing and becoming more expensive as we see shortages in labor and increased 
demand in urban areas. Autonomous vehicles have the potential to cost below $1 per hour when implemented at scale

Use Case: How Ridesharing Will Impact Daily Travel
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How Blockchain Enters the Ridesharing Ecosystem

• The current ridesharing ecosystem has several pain 
points including but not limited to high fees 
associated with third-party apps, lack of 
transparency in price changes, and unknown safety 
standards

• Both Uber and Lyft are well-known centralized 
systems that act as a clearinghouse by connecting 
drivers with riders and providing the servers and 
software infrastructure for making transactions 
and facilitating ridesharing

• One aim of blockchain is to remove intermediaries 
like Uber and Lyft between rider and driver to 
provide more lucrative jobs in rural regions, where 
full-time employment is limited, and limited cab 
companies or drivers are using third-party apps 

• Blockchain could lend both unmatched data 
security and driver vetting to the future of 
ridesharing. The technology could also help 
integrate autonomous vehicles into the ridesharing 
fleet without needing to register through third-
party apps

Accurate pricing Ride information

Request details 
saved 

Location Status

Ride completion and rating

Acceptance details 
saved 

Fee details based on 
location, $/mile, and traffic 

Driver assigned

A decentralized system that can log ridesharing details and maintain records without the need for a centralized app

Ride completion and rating

Driver accepts the ride

Driver payment

Ride rating saved 

Drive assigned

Payment details saved

Ride details saved

Search for drivers by filters Request specific driver

Search results for driver

If
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r 
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as

si
gn

e
d

 d
ri

ve
r

Source: Leeway Hertz, Forbes, Disruptor Daily 
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Established Innovators
Vertical Representative Companies

Autonomous Hardware

Autonomous Software

Mobility & Logistics

Urban Air Mobility/ Drones

Last Mile Delivery

AMRs & Facility Automation

Inspection & Data Collection

Note: Established Innovators is as of 7/01/21
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Emerging Leaders
Vertical Representative Companies

Autonomous Hardware

Autonomous Software

Mobility & Logistics

Urban Air Mobility / Drones

Last Mile Delivery

AMRs & Facility Automation

Inspection & Data Collection

Note: Emerging Leaders is as of 7/01/21
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Private Equity, Venture Capital, and Corporate Investment

No one firm accounts for most autonomy investments, though several major firms outside the Silicon Valley hemisphere are gaining traction, deploying more 
capital, and making more investments annually. Autonomy companies generate strong demand for early-stage capital, attracting PE, VC, and corporate investors. 
Investment strategies range from broad to highly targeted (e.g., Lidar Companies only). In all cases, Autonomy offers investors attractive upside

Autonomous Software

Autonomous Hardware

Mobility Technology

Urban Air Mobility

Autonomy Investors
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Source: Automotive World; Pitchbook data (As of 7/01/21)

Venture Capital Investment In Autonomy (2017-2021 1H)

34%
Asia

$66.6B

16%
Europe
$27.6B

45%
US

$79.5B

100% = $176.6B

Increasing autonomy sector investment by SPACs in 2020 and 2021 has increased the average deal size

Heavy Investment Validates and Drives Innovation in a 
Virtuous Loop Cycle

US Investments; As of 7/01/21 1H

5%
Rest of the World

$8.9B

Several future mobility programs 
are ongoing in Israel, for 
example, New Mobility in Israel 
is a joint effort with Volkswagen, 
Mobileye, and Champion Motors 
to develop an electric 
autonomous ride-sharing service 
for the Israeli market

Israel’s mobility ecosystem and innovation is set to play an important role in the 
future automotive industry
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SPACs have exploded in popularity 
over the last year, bringing price 
certainty, full values, transaction 
speed, and transaction ease to 
private companies seeking a path 
to the public markets. SPAC 
acquirers want to focus on high-
growth growth sectors, which is 
why robotics and autonomy 
companies enjoy significant 
interest from investors

Public money is cheaper than 
private money and companies in 
the autonomy sector with high 
capital requirements and rapid 
growth have an ideal opportunity 
to capitalize on the SPAC structure. 
SPAC investment activity has been 
growing YOY and is expected to 
continue this trend going forward

High growth prospects and significant investor interest will continue to drive increased SPAC activity
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Note: As of March 6, 2021. Percentages calculated using 838 total SPACs that have publicly filed an S-1 since 2017 and have not completed a De-SPAC
(1) Sector categorization:  RAAI (Robotics, Automation, AI, 5G, Cybersecurity, Aerial, Mobility), ESG & EAT (Energy, ESG, Climate Tech, Real Estate), Consumer (Consumer, 
Hospitality / Leisure), Healthcare (Healthcare, Biotech), Industrials (Industrials, Logistics), Food, Beverage, and Agriculture (Food & Agriculture), Financial Services (FinTech, 
Financial Services), Other (Legacy Media, Education, or mission focused), Technology (Software, Consumer Internet, Digital Media), Region Specific (non-US)

SPACs Increasingly Focus on RAAI and Autonomy 
Companies
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Investor Profile: Trucks Venture Capital

Reilly Brennan
General Partner 
& Co-Founder

“Autonomous vehicle companies are known by their partnerships. Even the ones 
with the most money have a lot of partners. it used to be that you would take 
notice of that. Back in 2015 and 2016 there were not a lot of partnerships but 
now everyone has that going on. I don’t think it wins you more financing, but you 
do want to have a good balance of partners.”

Market

Partnerships

“Transportation isn’t just one market; it is probably closer to 17 markets that 
are all highly cyclical but never highly cyclical at the same time. We have to be 
able to look at the overall market and how it is evolving to be able to identify 
interesting opportunities.”

Advancement

“When people think of automated vehicles, most of the time the immediate conversation has been 
dominated by robot-taxis. That is certainly a part of where automated vehicles are heading but the here 
and now of automated vehicles is structured autonomy. This is where a vehicle is doing the same task in 
the same place over and over again and in doing so, can get a lot better at that task.”

Insight
“If you look at the big exits from robo-taxis in the last few years such as Cruise and Zoox, together 
that’s about $2.3B. I think that the industrial categories of automation such as ag, mining, 
construction and maybe trucking are going to dwarf the robo-taxi exits in the coming years.”

A Profile of Trucks Venture Capital and market commentary with Reilly Brennan

Location: San Francisco, CA
Year Founded: 2015
Fund Overview: 
Trucks Venture Capital focuses on the 
transportation sector and has launched two 
funds recently: Trucks Venture Fund 2 (TVF2), 
raised over the last year and recently closed 
~$52MM, and a new follow-on fund, Trucks 
Growth Fund, which will provide later-stage 
capital to some of the most promising 
companies already in Trucks’ portfolio

Brief Description: 
Trucks’ goal is to fund the entrepreneurs 
building the future of transportation. Trucks 
focuses its investment on its core pillars to 
make transportation safer, cleaner and more 
accessible

Webpage: https://www.trucks.vc/
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Investor Profile: Trucks Venture Capital

“Our growth fund is a unique fund in that it is the only fund to use the new 506-C SEC 
definition. So, in effect you can use aspects of crowdfunding and public disclosure which is 
a contrast to our core fund where you can’t talk about it publicly and usually there’s a high 
threshold for LPs. We created this threshold so all of the newsletter readers can now 
invest with Trucks in our later stage, more successful portfolio companies.”

Qualification

Pain Points

“We realized early on that we needed a qualification step before we got to an evaluation process for a potential portfolio company. They need to be a 
transportation company, they need to be seed stage, and there needs to be enough allocation left in the round where I can get 10% ownership. Lastly, it needs 
to make transportation, cleaner, safer, or more accessible.”

Growth Fund

Adoption

“When it comes to companies doing robotics in the field, some of the biggest challenges are integrations on the technical side… sales 
& marketing functions towards the end of seed rounds on the people side.”

“Construction, mining, agriculture are all enormous industries that are measured in 
the hundreds of billions that are benefitting today from autonomous vehicles and the 
business value of moving materials makes those industries wonderful for autonomy 
today.”
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Company Profile: Edge Case Research

Michael (Mike) Wagner
CEO

“Our product is the driver for solutions that our [autonomous vehicle 
manufacturing] customers are looking for because you can’t just whiteboard 
your way to safe autonomy. You need scalable analysis tools.”

Opportunity 

Adoption
“There is a bit of analogy here to a big company like SAP selling accounting solutions 
before GAAP. It is a bit funny because as a startup we have to set the industry 
standards, but we feel that’s the right way to go.”

Advancement
“We are talking about understanding the real world, through the use of our product we will 
start encountering edge cases, and you can imagine building up a whole set of edge cases that 
our customers will be made aware of to enhance safety.”

OEM Future

“We are seeing a lot of discussions about on the OEM side about the transformation into software 
companies. The transition will be challenging for some market participants… Products will no longer 
be makes and models, but rather constantly updating software. That is going to change a lot; for 
instance, supply chains will be altered because the way that supplier categories deliver a component 
is different than how you implement one from existing component companies... That is going to 
create a lot of opportunities for investment as these components are a lot easier to buy than 
building in-house.”

A Profile of Edge Case Research and market commentary with Mike Wagner

Location: Pittsburgh, PA
Year Founded: 2013
Problem Addressed: 
The company produces risk identification 
software that enables autonomous vehicle 
manufacturers to implement and enhance their 
vehicle safety systems

Brief Overview: 
Edge Case Research (ECR) is the developer of 
vehicle safety systems designed for application 
in autonomous vehicle testing. The nLoop 
system delivers live safety edge cases that 
customers can use to define and measure the 
safety of autonomous vehicles in the real world. 
Hologram complements traditional simulation 
and road testing of perception systems. It 
intelligently tests perception software against 
adversarial examples, which it generates from 
sensor data

Webpage: https://edge-case-research.com/
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Company Profile: Edge Case Research

“The value that the standard (ANSI UL 4600) has brought to the industry is that it 
defines what the playing field looks like. Without a clear definition of safety, no one is 
close to productization. Now that we have a standard in place, even customers not 
based in the U.S. have a list of everything they need to do to get their vehicles to 
market.”

Culture

Hologram

“We have an interesting microcosm of the industry because we have folks who are experts in systems safety, and they have to get along with folks who are 
experts in autonomy and product development – those two come from different cultures and different worlds. What we are trying to foster at Edge Case 
Research is a culture where those two groups can collaborate, negotiate, and be honest to develop solutions…We look for smart, helpful, and friendly people 
because they have to be able to identify big problems and find solutions for our customers.”

ANSI/UL 4600

nLoop 

Developments

“Hologram is a meta-machine learning algorithm evaluation system. Hologram looks for situations where the customer’s neural 
network is not confident and can be knocked off its game very easily (deviations from the operating norm). Hologram looks for
temporal consistency. We count on the customer’s neural network exhibiting data consistency where small changes to the inputs don’t 
cause large changes in the detections and that approach is quite generalizable.”

“We are working with some customers to build out a safety management 
system/product lifecycle management system that integrates with nLoop. Every 
time you see some sort of hazard on the road, we want you to be able to send that 
information to a team, who then does a root cause analysis and enforces a 
mitigation plan.”
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Company Profile: Locomation

Çetin Meriçli
CEO & Co-Founder

“Trucking is the largest subsector of the freight industry and it by far suffers 
from the most pain points. The biggest (pain point) is driver shortage, especially 
in the long haul… we are looking at an aging and shrinking pool of American 
truck drivers and that ultimately constrains the way we are operating our supply 
chain and creates capacity shortages. That combined with ever-increasing 
demand for capacity (mostly from e-commerce) is hurting the industry.”

Opportunity 

Vision

“Our name is a mash-up of locomotion and automation. It does not say trucks, it does not say convoys, it 
does not say any of that. We are about moving anything autonomously. That is our grand vision. 
Eventually, we want to make transportation so seamless and so transparent to anyone. We want to just 
be able to think about what goods people need and then behind the scenes, we will handle it.”

“While Locomation has a larger-than-life vision of dominating the future of autonomy, today we are 
relentlessly focused on execution in order to launch our first product on time.”

Advancement
“We believe the human-guided convoy concept will be on the market at scale starting 
in the second half of 2022. By 2023 we will have thousands of fully autonomous 
trucks on the road following their human-driven leader trucks.”

Trends & 

Insight

“One of our key hypotheses was that over time, people will commute less for mandatory reasons. 
Less commuting means that things will have to come to you instead so our thesis was that freight 
transportation would gain importance over time in an increasing manner… The pandemic has 
accelerated these trends by 5-10 years.”

A Profile of Locomation and Market Commentary with Çetin Meriçli

Location: Pittsburgh, PA
Year Founded: 2018

Problem Addressed: Locomation’s AV 
technology uses convoying, a human-guided 
autonomous system that employs a lead 
human-driven truck and autonomous truck that 
follows. Carriers improve operating margins by 
30%+ through a combination of increased asset 
utilization of up to 130% and a reduction in 
expenses of up to 8% due to lower fuel 
consumption. These improvements could result 
in overall margin growth of 15-17%

Company Background: Locomation was 
founded in 2018 by a team of the world’s 
foremost experts on autonomous vehicles, 
robotics, and artificial intelligence from 
Carnegie Mellon’s National Robotics 
Engineering Center and trucking industry 
leaders with deep knowledge and experience in 
every aspect of the trucking business

Webpage: locomation.ai
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Company Profile: Locomation

“We are looking for missionaries. People who have opinions about autonomous cars, 
trucks, and vehicles and they have opinions on ‘how do we improve efficiency, safety, 
environmental sustainability, etc. We want people who are frustrated or upset with the 
lack of autonomous vehicles on the market. We want people who want closure so they 
can come here, join us, and then together we will build it correctly, safely, and quickly 
with a clear end in mind. We have clear goals, and we need individuals who are excited 
about those goals.”

Investor 

Opportunity
“If I were an investor, I would look at the broader picture. This is a solution to a problem. We are optimizing for a business, optimizing for commercialization, 
optimizing for market penetration, and optimizing for future value generation.”

Culture

Pittsburgh

Full 

Autonomy

“…Full autonomy will come in 4 distinct phases. The first phase is where we currently are with autonomous, human-led convoys in a two-truck, two-
driver long haul system. The next phase will be the drone follower system which is two trucks and one driver for a short haul where the second truck is 
completely driverless. The third phase will be a hop-to-hop full autonomy where a single truck with no driver in it can operate autonomously but only 
when it is on the interstate segment with the first and last miles being handled elsewhere. The last phase is dock-to-dock full autonomy with the 
functional equivalence to a human driver without any humans in the truck.”

“Pittsburgh is arguably the epicenter when it comes to talent in robotics, AI and 
computer science. Having said that, it is incredibly competitive in Pittsburgh these 
days because a lot of large logo companies with large funding are operating here 
and paying top percentile compensation packages to anyone and everyone they 
can.”
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Industry Leader Profile: Arun Venkatadri

Arun Venkatadri
Project Lead –
Data Platforms,
Search &
Infrastructure

“Not all miles are created equal. If you are driving (testing) in a dense, urban 
area then you will disengage all the time with plastic bag flying around or 
people jumping out and doing stupid things. If you drive on a rural road or track
then its considerably easier with far less disengagements.”

AV Testing 

Consolidation

“A trend I’ve seen generally is that there has been some consolidation in the industry. 
We are going to keep seeing more of that as we start to understand that if you are 
going to be in this game, then you are going to be there for a very long time and need 
to be smart about your cash burn.”

Advancement

“In the last few years, we’ve learned that this is a long-tail problem (getting fully autonomous 
vehicles on the open road). In some ways, we have solved 90% of the self-driving problem but 
that long-tail is very hard to solve. The things that happen the rarest are the things that cause 
you the most trouble. We have started to gain a much better understanding of that as an 
industry.”

Trends & 

Insight

“I’ve seen more places moving towards a more systems-like approach…the industry is more heavily 
borrowing from things like aviation and other transportation safety industries in terms of building 
safety critical software and systems and bringing this safety critical thinking to AVs.”

Market Commentary with Arun Venkatadri

Background: Mr. Arun Venkatadri is the Co-
founder/CEO of Model-Prime, which builds 
hybrid edge/cloud infrastructure for the 
Robotics industry and serves as an Adjunct 
Professor at Carnegie Mellon University’s 
School of Computer Science and Tepper 
School of Business. He also has deep expertise 
in technology, AI and robotics ecosystems. He 
was the Product Lead of Data Platforms, 
Search & Infrastructure at Aurora, Founder of 
Extremis Ventures, Board Observer/Advisor at 
Gridwise, Investor/Advisor at Buf, and co-host 
on the Techonomics podcast. Prior to Aurora, 
Mr. Venkatadri was Product Lead across 
several groups at Uber from 2018 until 2021, 
where he headed the autonomous vehicle 
sector. Mr. Venkatadri was also a Product 
Manager for the Autonomous Vehicles 
business line at Lyft from 2016 to 2017 

Mr. Venkatadri received an MS in Electrical 
Engineering from Columbia University and a 
BS in Systems Engineering / Electrical 
Engineering from the University of Buffalo
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Industry Leader Profile: Arun Venkatadri

“ATG merging with Aurora is a really exciting thing in some things because it brings Aurora, Uber, Amazon, and 
Sequoia together in one entity through AWS, capital from Sequoia, the ride-handling network, and the 
autonomy knowledge.” 

Big Data

Regulation

“We’re getting to the point where big data is so big that you can’t keep it all, it’s too expensive. You have to
think about data intelligence and how you can characterize the content of your data to get exactly what you 
want out of it. Data efficiency becomes more and more of a thing.”

Opportunity

Adoption

“If done correctly, it (Regulations) should make these autonomous vehicle companies more transparent in 
terms of how far away they are. It will ideally be a more transparent system with normalized metrics that 
make a little bit more sense and that decisions can be made off of. It can prevent some disasters and be a 
great indicator metric for where the government should be paying attention.” 

“I think certain communities – planned communities and retirement communities could be engineered for 
autonomy.”

“I don’t think people will be accepting of autonomy unless it works like a car. Unless it is equivalent to a human driver 
and compatible with our cities. I don’t see us reverse engineering our cities for the sake of autonomy. For this to be a 
truly transformational technology it has to be compatible with our existing infrastructure.” 
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The market is seeing significant investor appetite for autonomous technologies

Notable Venture Capital Financings
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Autonomy already represents a sizable M&A market as market leaders seek further product development

Notable M&A Transactions

Source: Pitchbook, Mergermarket data
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IPO $1.35B

Apr. 2021

Mobility Tech

Jun. 2020

$2.6B

Mar. 2021

IPO $20.5M

Autonomous Robots

Corporate Investment is at a high, with established players seeking the next great innovation 
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Notable Corporate Investments & IPOs
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$379M
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SPACs have risen to the fore as a hot option for bringing companies public during the past year

A Rise in SPAC Mobility Tech Transactions

Aug. 2021

$1.6B

Urban Air Mobility

June. 2021

$414M

Autonomous Vehicles

May. 2021

$240M

Urban Air Mobility

July. 2021

$2.1B

Churchill 
Capital Corp

Source: Pitchbook data

ArcLight Clean 
Transition 

Reinvent 
Technology 
Partners

Reinvent 
Technology 
Partners

Northern Genesis 
Acquisition II

Experience 
Investment

$500M

Electric Vehicles

Atlas Crest 
Investment 
Corp

Urban Air Mobility

Feb. 2021

Autonomous Vehicles

Charging Stations



34

The heavy investment in the Lidar sector will drive further innovation

SPACs Place Bets on Automotive Lidar Companies

Source: Pitchbook data
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Cascadia’s RAAI Banking Team

Michael Butler
CEO and Managing Director

mbutler@cascadiacapital.com

Experience:
35+ Years Banking

21+ Years with Cascadia 
Education:

MBA, Wharton
BA, University of Washington

Jamie Boyd
Managing Director

jboyd@cascadiacapital.com

Experience:
20+ Years Banking

17+ Years with Cascadia 
Education:
LLM, NYU

JD, Gonzaga
Bcomm, University British Columbia

Yee Lee
Senior Vice President

ylee@cascadiacapital.com

Experience:
10+ Years Banking

7+ Years with Cascadia 
Education:

BS, University of Houston

Jason Lippenberger
Vice President

jlippenberger@cascadiacapital.com

Experience:
15+ Years Banking/PE

4+ Years with Cascadia 
Education:

MBA, University of Washington
BA, Claremont McKenna College

Firdaus Pohowalla 
Managing Director

fpohowalla@cascadiacapital.com

Experience:
20+ Years Banking

4+ Years with Cascadia 
Education:

MBA, Wharton
BA, Carleton College

Scott Whiting
Analyst

swhiting@cascadiacapital.com

Experience:
3 Years Banking

1 Year with Cascadia 
Education:

BA, University of Washington

Mikaela Slade
Analyst

mslade@cascadiacapital.com

Experience:
1 Year Debt Financing
1 Year with Cascadia 

Education:
BA, Whitman College

Marvin Roeder
Associate

mroeder@cascadiacapital.com

Experience:
3+ Years Banking

1 Year with Cascadia 
Education:

MBA, UNC Chapel Hill
JD, Univ. of San Diego & BS, USC

mailto:mbutler@cascadiacapital.com
mailto:jboyd@cascadiacapital.com
mailto:ylee@cascadiacapital.com
mailto:jlippenberger@cascadiacapital.com
mailto:fpohowalla@cascadiacapital.com
mailto:swhiting@cascadiacapital.com
mailto:mslade@cascadiacapital.com
mailto:telmasry@cascadiacapital.com
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Cascadia’s Commitment to Technology
Cascadia has a 20+ year track record of technology coverage with an evolving focus on key 

growth areas of the market

Robotics, Automation & AI

Healthcare - IT, Products & 
Digital Health

Technology – Enterprise Software

Tech-Enabled Services

Energy & Applied Technology

Medical Devices & Robotics | Telemedicine | Wearable Devices | Precision 
Medicine | Cybersecurity/HIPAA/PHI | RCM/Billing/Payment

Robotics | Mobility & Autonomous Technology | Manufacturing
Automation/Supply Chain | Artificial Intelligence/ Machine Learning/ Computer
Vision | Data Collection & Inspection | Virtual Reality/ Augmented Reality |
Internet of Things (“IoT”) | Localization & Mapping

Software Development & IT Operations Management (“DevOps”) | Retail &
Commerce Technology | Marketing Technology | Sales Enablement | Customer
Experience Management | Security | Storage Management | Legal &
Compliance Technology | HR/HCM Technology

Management Consulting & CIO Advisory | Data, Analytics & Information Services
Outsourced Software Development | Systems Implementation | IT Managed Services
| Digital Marketing & Creative Services | IT Staffing & Recruiting | Supply Chain Tech

Smart Grid Technology | Energy Technology | Energy Storage | Energy
Infrastructure Oil & Gas Products and Services



37

Representative Technology Experience

In process

A design engineering 
company built to 

shape the consumer 
experience

Project Nash

Sell side M&A process

In process

Provider of AI based 
sorting and handling  

systems for waste and 
food inspection uses

Growth equity capital 
raise process

Project Cheetah

In process

3D modeling software 
and hardware 

intended to transform 
the real world into its 

digital twin.

Sell side M&A process

Project Perception

In process

Provider of network 
monitoring services 

intended to offer 
valuable network 

insights

Project Citation

Sell side M&A process

In process

A warehouse and 
shipping management 
solution designed to 

manage & track 
inventory

Growth equity capital 
raise process

Project Spear
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Representative Technology Experience
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