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SECTION 1 
EXECUTIVE SUMMARY 

1.1 THE ADVENT OF ARTIFICIAL INTELLIGENCE FOR CONSUMERS  
Even as research and investment into artificial intelligence (AI) have gone through some 60 
years of booms and busts, consumers’ fascination with the technology persists. It underlies 
some of the most beloved media and cultural tropes of our time, as AI and robotics are 
repeatedly portrayed as analogous with human virtue and vice. After all, AI attempts 
biomimicry of what we humans prize most about ourselves: cognitive functions like learning, 
problem-solving, speaking, and perception. 

But it is with the recent rise of digitization, Big Data, and improved algorithms and processing 
speed that commercial consumer applications of AI have begun to emerge in the 
mainstream. From movie recommendations to search engine queries, AI and, increasingly, 
deep learning (DL) are powering a range of applications that have recalibrated consumer 
expectations for digital. Led by the internet, i.e., data giants of our time, consumer AI use 
cases are among the most advanced proof points for commercial AI to date. Companies like 
Google, Amazon, Facebook, Baidu, Apple, and others are pioneering the use of AI in 
consumer interactions, both to mimic and to empower human capabilities. 

Tractica’s analysis and forecasting of the AI market finds that consumer AI accounts for the 
largest portion of AI software, hardware, and services revenue to date, approximately $1.86 
billion in 2016, greater than any other industry. The growth of this market is not limited to 
internet companies. As brands and suppliers across consumer-facing industries incorporate 
AI into their products and processes, consumer AI will simply replace standards for 
consumer interactions. Although the entire market, including consumer AI, remains in its 
infancy, Tractica believes a future of strong growth is highly likely. Tractica forecasts that the 
market for consumer AI hardware, software, and services will grow from $1.86 billion in 2016 
to $42.1 billion by 2025. 

This Tractica report provides detailed market forecasts for AI hardware, software, and 
services in the consumer market during the period from 2016 to 2025. Technologies covered 
include machine learning (ML), DL, national language processing (NLP), computer vision 
(CV), machine reasoning, and strong AI. The forecasts in this report cover the top 23 use 
cases for consumer AI based on revenue, investment, and market activity. Profiles are also 
included for 20 key participants in the emerging consumer AI market ecosystem. 

1.2 WHAT IS ARTIFICIAL INTELLIGENCE? 
Tractica defines AI as an information system that is inspired by a biological system designed 
to give computers the human-like abilities of hearing, seeing, speaking, reasoning, and 
learning. A growing range of technologies is powering these capabilities, including, ML, DL, 
CV, NLP, machine reasoning, and strong AI, all of which fall under the AI umbrella. 
Applications using AI most often support machine capabilities involving vision, language, 
and Big Data analysis. 

Most definitions for AI today focus on the technologies and applications, and often ignore 
the messy business of actually defining intelligence. In classic psychology, metrics for 
intelligence are often coined according to objective or cognitive domain, e.g., linguistic 
intelligence, musical intelligence, spatial intelligence, etc. 
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Figure 1.1 Nine Types of Intelligence by Howard Gardner 

 
(Source: Frames of Mind: The Theory of Multiple Intelligences by Howard 

Gardner; Image design by Mark Vital) 

As both the technology and market adoption mature, and as AI comes to pervade products, 
services, and decision-making, defining AI becomes less about the technological 
categorizations and more about the relationship between artificial and human intelligence. 
Across the infinite ways AI will support, succeed, and fail in human-machine interactions and 
outcomes, it is likely that AI will manifest across all types of intelligence referenced in Figure 
1.1. Nowhere is this more societally relevant than in consumer markets, particularly if and 
when consumers themselves apply AI to their own capacities for intelligence. 

1.3 CONSUMER VERSUS ENTERPRISE ARTIFICIAL INTELLIGENCE 
Tractica defines consumer AI by markets that use AI for direct interface and interaction with 
consumers. Although most revenue generated by consumer-facing AI is indirect today, 
Tractica expects a slow shift toward more direct revenue as AI and virtual agents start to 
differentiate consumer products and services. In order to account for investment patterns 
(who ultimately is spending money for the service?) and target customers (who ultimately is 
using the service?), Tractica distinguishes between two tiers or segments in our analysis 
and measurement of the market. This report focuses primarily on the first tier. 

• Tier I: AI in the Consumer Market: This includes all consumer-facing products and 
services powered and offered by internet companies. Examples include web, 
mobile, IoT devices, wearables, robots, and other hardware and software data-
driven services consumed directly from technology suppliers like Google, Facebook, 
Twitter, Microsoft, Baidu, Tencent, Amazon, and numerous other tech companies.  
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• Tier II: AI across Business-to-Consumer (B2C) Markets: This includes the variety 
of consumer-facing and interfacing products and services offered by organizations 
in automotive, education, fashion, gaming, government, financial services, 
healthcare, media, retail, sports, etc. Examples include everything from gesture 
recognition in cars, to foreign language tutoring, to virtual assistants for patients, and 
beyond. 

These classifications are consistent with and reflected in our ongoing modeling and 
forecasting of the AI market found in Tractica’s Artificial Intelligence Market Forecasts report. 
This report will discuss market and technological opportunities, challenges, and issues 
associated with all consumer-interfacing AI applications, but only includes use case 
descriptions and forecasts associated with Tier I AI in the consumer market.  

Reference Section 3 for a detailed overview of the 23 use cases in the consumer market. 

1.4 DIFFERENCES IN MARKET DYNAMICS  
Tractica identified a number of distinctions between consumer and enterprise/industrial AI 
that impact market development. Compared to enterprise/industrial environments, consumer 
AI is typically characterized by the following market dynamics: 

• Validation for Consumer AI Driven by Consumer Tech Giants: While Big Data 
and technological advancements have driven development, consumer awareness 
of AI was sparked with Apple’s Siri, accelerated with Facebook, and further validated 
with Amazon’s Alexa. Meanwhile, Google announced a fundamental shift from 
mobile-first to AI-first in 2017.  

• Seamless, Hands-Free, Integrated AI Will Lead Consumer Adoption: As AI 
infuses new user interfaces and experiences, such as voice, augmented reality (AR), 
and biometric authentication just to name a few, these will rapidly reset the bar for 
consumer expectations, faster than more visible applications like social robots or 
autonomous cars.  

• AI Means User Experience (UX) and Design Are Less about Hardware and 
More about Software: Form factors and aesthetics may always be important to 
consumers, but new features, experiences, services, security, integrations, and 
product innovations will be driven far more by software and ML than upgrades to 
hardware. 

• Less Information Technology (IT) or Operational Complexity: Consumers do 
not have hundreds or thousands of different datasets, devices, infrastructure, 
manufacturers, or regulatory frameworks to navigate. While there are plenty of Big 
Data applications for consumer personalization, they pale in complexity compared 
to heavy industrial environments with decades of legacy infrastructure. 

• Edge versus Cloud Architectural Debates Persist, but Offer Distinct Benefits 
in Consumer: While computation, processing, and storage at the edge (device or 
firmware level) are essential in heavy industrial or remote environments, consumer 
applications can also benefit from edge processing in areas like privacy, security, 
energy conservation, and compliance. Certain non-consumer sectors, such as 
defense or logistics, may drive the chipset market more than consumer. 

  

https://www.tractica.com/research/artificial-intelligence-market-forecasts/
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• Shorter Product Lifecycles: Consumers typically purchase products at relatively 
low price points with the expectation they will be replaced within 3 to 5 years, 
sometimes far less. In industrial environments, millions of dollars of spending on 
infrastructure are expected to last many years, sometimes decades. 

• Consumers Less Focused on Big Data Analysis: One of the greatest allures of 
AI for enterprises is the ability to better leverage big, unstructured “dark” data sets 
and metadata. This is not only absent in the consumer mindset, but rarely 
understood as a benefit of AI. 

• Convenience over Return on Investment (ROI): Although the majority of 
consumers are cost-conscious, few make technology purchase decisions with pre-
defined metrics for ROI. Consumers view value more in terms of convenience, ease, 
security, or entertainment.  

• Different Sensitivities: Consumers have different personal or cultural concerns 
than businesses. Areas like privacy, health, or surveillance are common concerns 
for consumers, while enterprises think about these primarily through a legal or 
regulatory perspective. 

These broad differences are already impacting the way suppliers are marketing AI 
technology. While consumers are vaguely familiar with the term “AI,” there are very few 
products or services that are explicitly marketed as, or purchased because of their AI 
capabilities. On the enterprise software side, AI is the hottest new marketing buzzword since 
“cloud” or “software-as-a-service (SaaS).” Tractica expects that AI will continue to be 
embedded into existing products and services in both industrial and consumer-facing 
applications. 

1.5 MARKET DRIVERS 
Although many of the concepts underlying AI and technological biomimicry of human 
intelligence are well over 50 years old, AI’s growth today is the result of a rather sudden 
convergence of three key trends: big, even colossal data generation; advancements in 
hardware speed; and improvements in algorithms. Enterprise interest in the space is also 
driven by a number of benefits and efficiencies that commercial application of the technology 
enables. While these are driving the consumer AI market, this report also analyzes a range 
of other forces specifically driving consumer applications, including: 

• Current consumer perceptions of AI, in some contexts an enabler and in others, a 
barrier to adoption 

• Rapid evolution of customer expectations driven by digital 

• AI’s role in both transforming current and creating altogether new interfaces and 
UXs like voice, robotics, and AR, among many others 

• Efficiency gains for both consumer and brand, enabled by AI 

• AI’s role in uniting consumer intentions and needs with businesses’ product 
development and service design programs 

• AI’s potential to unlock significant societal benefits, such as greater access to 
education, improved public health, mobility for the disabled, and more 
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Tractica’s analysis also includes a detailed assessment of business models associated with 
consumer AI applications, and explores direct versus indirect monetization of consumer AI, 
including trends in the current AI market and a look ahead. 

Taken in sum, these drivers have turned the heads of virtually every large technology 
company, enterprise adopters across industries, herds of investors, countless “.ai” startups, 
and even governments and policymakers. 

1.6 MARKET BARRIERS 
Despite the array of benefits consumer-facing AI could enable, the technology faces 
numerous barriers to achieving widespread adoption. AI, in general, suffers a significant gap 
between high expectations of intelligence and the reality of current limitations of software 
and computing. This research explores the following areas that threaten the adoption of AI 
in consumer-interfacing environments: 

• Consumers’ lack of awareness, visibility, consent in AI interactions 

• Inflated expectations and its impact on consumer adoption 

• Practical limitations of AI capabilities and an analysis of strong versus narrow AI 

• Challenges to social conventions and trust, and its impact on both employee and 
consumer adoption and norms 

• Job displacement and the transformation of work 

• Impacts of human bias on consumer AI and the tricky business of 
anthropomorphizing machines 

• Ethical risks, human co-dependence, and unintended consequences 

• Surveillance and privacy concerns 

• Regulatory issues  

While it is irrefutable that AI introduces new capabilities for consumer delight, these same 
capabilities constitute myriad new risks, many surfaced in Tractica’s research. AI is not a 
silver bullet, but a tool for both businesses and consumers themselves to wield cautiously 
and in incremental steps.  

1.7 TECHNOLOGY ISSUES 
This report provides a high-level examination of AI and the subsets of technologies impacting 
consumer AI. Within these structures, Tractica explores a number of technical questions, 
enablers, and challenges enterprises face: 

• Defining what AI is (and is not), including technology subsets of AI 

• Contextualizing consumer versus enterprise AI 

• Application in conjunction with other enabling technologies  

• Technical barriers facing the consumer AI market 

• Edge versus cloud configurations for consumer AI development 

• Practical considerations for enterprises when deciding whether to build or buy AI  
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The technologies assessed are still in their infancy in both architecture and application. 
Although most consumer AI takes place today as software applications in the cloud, 
advancements in firmware-level ML and maturity in edge processing are shifting the 
narratives around data storage requirements, architectural development, market access, 
and data security. 

1.8 USE CASES FOR CONSUMER ARTIFICIAL INTELLIGENCE 
Tractica’s research finds that use cases for consumer AI span a wide range applications. 
This report provides detailed examinations of 23 consumer AI use cases Tractica has 
identified, including descriptions, technologies used, examples, and forecasts for each use 
case. They include:  

• Automated tour guide and itinerary service 

• Building generative models of the real world 

• Calendar, meeting, event scheduling, and reminder 

• Child behavioral analytics  

• Computer-aided art 

• Contextual intelligence for mobile 

• Face recognition: kids versus elderly 

• Language translation services 

• Local search and discovery 

• Movie recommendations 

• Music recommendations 

• Machine/vehicular object detection/identification/avoidance  

• Personalized health, fitness, and wellness improvement 

• Predictive typing assistant 

• Product recommendations 

• Relationships and matchmaking 

• Search engine queries 

• Smart oven control with food recognition 

• Social media feed curation 

• Static image recognition, classification, and tagging 

• Text-based automated bots 

• Travel concierge and booking service 

• Voice/speech recognition: virtual versus robotic assistants 

Those AI applications that directly interface with consumers in other industries, such as in 
healthcare or retail, are not included in this report’s use cases. Learn more about these use 
cases in Tractica’s Artificial Intelligence Market Forecasts report, which analyzes more than 
150 use cases for AI across 29 industries.  

https://www.tractica.com/research/artificial-intelligence-market-forecasts/
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1.9 MARKET FORECAST  
The market for consumer AI hardware, software, and services is projected to reach $42.1 
billion by 2025, reflecting a healthy compound annual growth rate (CAGR) of 41.4% for the 
2016 to 2025 timeframe. Tractica has identified consumer AI as the single most lucrative 
sector of AI application, compared across 29 total industries; 2016 revenue tops out at $1.86 
billion, split between services ($899.3 million), software ($399.7 million), and hardware 
($561.6 million). 

Chart 1.1 Consumer Artificial Intelligence Total Revenue by Segment, World Markets:  
2016-2025 

  
(Source: Tractica) 

  

 $-

 $5,000

 $10,000

 $15,000

 $20,000

 $25,000

 $30,000

 $35,000

 $40,000

 $45,000

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Software Services Hardware

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

8 
 
 

Chart 1.2 Consumer Artificial Intelligence Software Revenue by Region, World Markets:  
2016-2025 

 
(Source: Tractica) 

This report forecasts revenue across five world regions, and 23 consumer AI use cases 
driven by internet and web services providers. Tractica forecasts each use case, segmented 
by geographic region. Tractica also analyzes forecasts hardware and services revenue 
driven by consumer AI.  

The hardware forecasts are further segmented into separate forecasts of the demand for 
central processing units (CPUs); field-programmable gate arrays (FPGAs), application-
specific integrated circuits (ASICs); graphics processing units (GPUs); networking products; 
and data storage devices.  

Consumer AI applications will also generate significant demand for professional services, 
such as installation, training, customization, application integration, and maintenance, which 
are included in Tractica’s forecast. In addition to this market forecast, this Tractica report 
offers a comprehensive analysis and overview of the entire market opportunity and 
challenges for consumer AI products and services. 
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SECTION 2 
MARKET ISSUES 

2.1 CONSUMER PERCEPTIONS OF ARTIFICIAL INTELLIGENCE  
How do consumers feel about AI? How might these sentiments impact their proclivity to 
adopt? While the answer to this depends, of course, on exposure to the technology, 
awareness of AI in use, access to internet-based services, and a host of other unseen 
factors, most consumers continue to (and may always) equate AI with how the film and news 
media industries portray it. Tractica identifies consumer perceptions of AI as both a market 
enabler and barrier, context depending. 

Figure 2.1 Metropolis, 1927 Movie Featuring “False Maria” the First Robot Depicted on Film  

 
(Source: Paramount/Allstar) 

A recent study analyzed more than 30 years of AI-related news (3 million articles) published 
in The New York Times between 1985 and 2016. Humans read and annotated paragraphs 
to assess levels of pessimism and optimism, and the prevalence of themes like the impact 
of AI on work or transportation; 16 were tracked over time. What researchers found was that 
concerns around our fear of losing control of AI have more than tripled what they were in 
aggregate compared to the 1980s. 
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Figure 2.2 Researchers Assess 30 Years of Artificial Intelligence-Related News Articles and 
Associated Sentiments and Themes 

 
(Sources: Ethan Fast, Stanford and Eric Horvitz, Microsoft) 

Today, the most common experiences consumers have with AI are in the form of product 
recommendations, music or movie recommendations, search engines, and navigation apps. 
The next wave is coming in the form of digital assistants, like Apple’s Siri or Amazon Alexa, 
which according to PwC, some 42% of American consumers have adopted.  

According to recent studies conducted by PwC, Inside Sales, and Rocket Fuel, consumer 
perceptions are, by and large, optimistic but tentative. Two-thirds of global respondents 
surveyed called AI an “exciting technology development rather than a negative one” 
according to Rocket Fuel, which surveyed 1,900 consumers across 8 countries in the Spring 
of 2017. When asked if AI was for good, evil, or both, the same survey found: 

• 40% of consumers said AI was for good 

• 6% of consumers said AI was for evil 

• 45% of consumer said AI was for both 

Meanwhile, PwC found that 63% of consumers believe that AI will help solve complex 
problems that plague our society, while 23% said it will have serious negative implications. 
Across all respondent sets, consumers express concern around AI’s impact on jobs; 46% 
believe AI will harm people by displacing jobs, with 35% expressing concern about their own 
job security (Inside Sales). 
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Figure 2.3 PwC Consumer Survey: “In the Next 5 Years, I Can See AI Replacing Humans as 
a…” 

 
(Source: PwC’s Bot.Me: A Revolutionary Partnership Study, 2017) 

Yet, even as consumers see these shifts taking place, that does not mean they are 
comfortable with them in their personal contexts: 77% still prefer a human doctor over an at-
home robotic smart kit and 61% prefer human teaching assistants over virtual ones in 
universities. 

The same survey found that, while job displacement is worrisome, consumers also recognize 
AI as an equalizer; more than 40% believe AI will expand access to financial, medical, legal, 
and transportation services to those with lower incomes; and a half think AI will provide 
educational help to disadvantaged children. Sentiments around the technology shift 
depending on the application in question. PwC’s survey found that while 57% of consumers 
would share their personal data to further medical breakthroughs, 87% cite privacy as a 
major concern associated with AI. In addition, 62% would share their data to relieve traffic, 
while just 47% expressed “being open” to allowing tracking and aggregation of online 
entertainment and media consumption, even if it mean lower costs. 

It is not just important to understand public perceptions of AI in order to drive product 
development and adoption, but to understand fears, vulnerabilities, variations, and what 
hopes and concerns might influence regulatory activities, policy, coercion, abuse, or any 
other preemptive force on its trajectory. 

2.2 MARKET DRIVERS 
The primary driver behind the adoption of DL is an unprecedented amount of data caused 
by the digitization of society. Although many of the concepts underlying AI and technological 
biomimicry of human intelligence are well over 50 years old, DL’s growth today is the result 
of a rather sudden convergence of three key trends, as well as a number of benefits and 
efficiencies that commercial application of the technology enables. 
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2.2.1 CONSUMER CULTURE GROWS INCREASINGLY DIGITAL  
“Digital” is the hallmark of contemporary consumer culture. From the rise of the internet to 
the explosion of social media platforms and mobile applications, perhaps no other trend has 
transformed consumerism itself more than access to information across digital channels. 
Just as in other industries, AI deployed in consumer-facing contexts marks the evolution 
from connectivity and data collection to more rapid data processing and analysis. What is 
unique in consumer markets is the role of AI in relationship building—as AI comes to 
represent brand personas, push expectations for engagement, and even infuse 
anthromorphic interactions and emotional dynamics with bots and robots. 

2.2.1.1 RAPID DIGITIZATION OF SOCIETY 

The digitization of society has been underway for decades, but as costs of computing have 
decreased, access to componentry, devices, and networked services has skyrocketed, for 
consumers and enterprises worldwide. The amount of data that exists already today, and 
that we expect to be generated in the future is hard to fathom. As technologists have been 
saying for the last 5 years, it continues to be true that we have created more data over the 
previous 2 years than in all of human history combined. At the World Economic Forum in 
2017, new data points illustrating our voracious data appetites show that every minute of 
every day: 

• Americans alone use 18,264,840 megabytes of wireless data 

• Dropbox users upload 833,333 files 

• The Weather Channel receives 13,888,889 forecast requests 

• YouTube visitors share 400 hours of new video 

• Skype users connect for 23,300 hours 

In addition to web-based internet services, other digital interfaces are part of the Big Data 
story driving AI. For example: 

• IoT and Machine-to-Machine (M2M): For the last 30 years, telematics and sensor-
enabled automation have made their way into industrial sectors, but more recent 
advancements in network connectivity and cloud technologies are driving a rapid 
uptick in networked services via connected devices and infrastructure. From smart 
home to automotive, retail, and everything in between, the Internet of Things (IoT) is 
demanding programming intelligence to support and sustain its business models. 

• Mobile Interfaces: The super-computing phones that live in the pockets (and 
influence behavioral shifts) of some 5 billion users are another macro force 
influencing AI adoption. As the organizations must not only be, but must learn from 
where their customers are, mobile as a primary interface means it is important to the 
adoption, consumption, and monitoring of AI-driven services. Speaking of interface, 
emerging modes of technology interaction, such as voice or motion recognition, rely 
heavily on DL for optimization and an improved UX. 

• Adjacent AI Technologies: AI is best understood as an umbrella category 
containing at least six subcategories with different capacities for different 
circumstances. Tractica identifies these categories as DL, ML, NLP, CV, machine 
reasoning, and strong AI. Among these, DL is already being combined with varying 
configurations of these, most often NLP and CV. This trend and the increase of 
different configurations will continue to define and redefine AI, and its applicability 
across industries.  
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Of course, digitization is not just a function of growing volume, but of velocity and variety. 
Each of these technologies generates massive variety in data itself; structured, unstructured, 
text, sensor data, audio, video, clickstreams, images, log files, etc. From health to home, 
from commute to work, from retail and municipal to government, just about every single 
realm of consumer life is becoming digitized. “The entire ecosystem is causing acceleration 
to the space,” says Gilad Meiri, Chief Executive Officer (CEO) of Neura. “The more 
connected and pattern driven we are, the better AI works.” 

These characteristics of Big Data have a uniquely complementary relationship to AI and 
particularly DL. DL models require massive amounts of data to successfully train themselves; 
statistically significant sample sizes of vast ontologies and scenarios. As AI pioneer Andrew 
Ng famously puts it, “deep learning is like a rocket engine, and data is like rocket fuel. Without 
enough fuel, it is difficult to get off the ground, no matter how big the engine.” In the rapid 
digitization of society, the fundamental question of “what do we do with all of this data?” is 
colliding with our endless fascination for technological biomimicry of human intelligence. 

2.2.1.2 RAPID EVOLUTION IN CONSUMER EXPECTATIONS  

If the internet has taught us anything, it is that access to information rapidly shifts consumer 
expectations. The digital revolution has turned the tables on companies. What was once a 
one-way broadcast model transformed into a two-way communications model with the 
advent of social media and mobile. Consumers now expect rapid responses when engaging 
with brands. When engaging via social media, for example, Microsoft found that 67% of 
consumers expect a brand response within one day, with 42% expecting it within one hour. 
Another study found that over half of consumers expect brands to respond to their reviews 
within seven days.  

This trend—and these expectations—are, once again, about to transform radically. 
Consumers are already interacting with AI in services today, most of which are geared 
toward convenience. Navigation, music and video streaming, photo tagging, and product 
recommendations are now ubiquitous consumer-facing AI-powered services that have 
quickly pushed our expectations for real-time seamless service consumption. 

It is not just speed that consumers have come to expect, it is smarter personalization, greater 
choice and support flexibility, more interactive services, brand continuity, product quality and 
integrity, and easily navigable online channels. While some expectations challenge brands 
to improve their consumer-facing assets or integrate online and offline properties, others 
introduce new opportunities. An IBM study conducted in 2017, found that 36% of “Gen Z” 
consumers would happily submit ideas for product design; 42% would participate in an online 
game for a campaign; and 43% would submit product reviews if asked. 

“Today, the best customer experience a customer has anywhere quickly becomes the 
baseline for customer experience everywhere,” says Michael Natusch, Global Head of AI for 
Prudential. “We’re funny as consumers because on the one hand, we are rigid when used 
to doing things one way, yet we are also easily swayed once someone figures out an easier 
way to do something.” 

Tech giants like Google, Apple, and Facebook offer the benchmark for personalization today, 
particularly as they pioneered mobile-first strategies that rely on quick hyper-relevant 
engagement leveraging mobile and location data. But as each of these companies has 
begun to pivot toward AI-first strategies, personalization now spells the ability to train AI 
models. Using consumer engagement [data] to train AI models designed for service 
optimization marks an important shift in methodology: instead of marketers guessing how to 
message an individual based on their demographic or persona, users themselves effectively 
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instruct models themselves. 

The allure of hyper-personalization is appealing to both consumers and brands, and will drive 
AI adoption and investment respectively. Indeed, both have romanticized personal 
assistants and custom services long before the digital age—hotel concierges, chauffeurs, in-
home assistants, travel agents, stylists, etc. The expectation for AI-enabled personalization 
is an extension of many existing proclivities, but also introduces new challenges, which are 
outlined in Section 1.6. 

2.2.1.3 RAPID ADVANCEMENTS IN ARTIFICIAL INTELLIGENCE  

Although AI has been around for decades, it is the convergence of three independent trends 
that has brought about an explosion in the market. More data, faster hardware, and better 
algorithms are accelerating research, development, and commercial investment in AI 
applications at lightening speeds. 

• Data at Scale: In order to train any intelligence—humans included—the brain needs 
information and examples. The avalanche of Big Data made possible through 
decades of internet and search results, terabytes of storage, massive databases, 
web cookies, digital footprints, self-tracking, and billions of connected devices has 
become the training ground for AI. The digital universe is doubling in size every 12 
months. By 2020, it is expected to reach some 44 zetabytes; some scientists estimate 
that number to be more bytes in the digital universe than there are stars in the 
physical universe. For an overview on just how much data the digitization of society 
is producing, see Section 2.2.1.  

• Faster Processing Speed: Data at scale is scarcely possible, nor particularly 
insightful without computation at scale. In the last 5 years, the tech industry has seen 
a few critical advancements in processing speed, or the time needed to process X 
amount of data. The more data that can processed in [near] real-time, the more 
sophisticated and varied the potential applications for learning from that data and the 
stickier applications are from an adoption standpoint. 

Parallel processing is a more robust form of processing in which instructions are 
divided among multiple processors in order accelerate the time it takes to run a 
program because there are more processing units working on the same code. While 
it was historically difficult to divide a program across separate units executing 
different portions without interfering with each other, a development in 2009 led to a 
breakthrough in parallel processing. A group of Stanford University researchers, 
including Andrew Ng at the time, discovered that a cluster of a certain kind of chip 
used in video gaming was also able to support the parallel processing of neural 
networks. The real breakthrough of this discovery was speed; the team found that a 
cluster of GPUs could accomplish the same task in a day that took weeks using 
traditional methods of neural net processing. 

• Better Algorithms: The rise of AI in the last few years is not solely a function of 
increases in data and hardware speed, but can also be attributed to significant 
improvements in machine and DL algorithms. To understand what came before and 
why developments since have introduced improvement, it is important to understand 
the idea of algorithm efficiency and iteration, and its impact on resources required to 
compute. Unlike previous “brute force” techniques, wherein all possible scenarios are 
systematically calculating all possible solutions, comparing results, and determining 
which solution is best based on those results, DL’s architecture “learns” through a 
sort of trial and error approach. While this method is logical, the model’s ability to 
learn through iteration quickly becomes untenable as the time and power required to 
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calculate outcomes expand exponentially with every additional or alternative 
scenario. 

Based initially on research by Professor Geoffrey Hinton, of the University of Toronto, 
his team’s research showed that each layer of neural nets could be pre-trained, which 
would accelerate subsequent supervised learning. As a result, today’s neural 
networks are able to leverage training methods that pre-train individual layers of the 
network to recognize features at different layers, which makes it easier and more 
efficient to train networks with several layers. Minimizing the number of machine 
instructions required to iterate a layered solution has been essential to the growth of 
DL in the last few years, as hardware speed and data volumes are now available to 
support neural networks at far greater scale and speed. 

Each of these has direct impacts on consumer adoption, as they help power the viability of 
any application. As Catherine Havasi, CEO of Luminoso says, “Functionality is both the 
number one enabler and barrier to consumers’ adoption of artificial intelligence; if it works 
per customer’s expectation, it hardly matters if it’s AI; if it doesn’t work, AI becomes the 
hindrance.” 

2.2.1.4 FROM MACHINE LOGIC TO INTELLIGENT INTERFACES 

The most profound advancements in technology are often less about technology and more 
about new interfaces replacing old ones. The car offered an entirely new interface to mobility 
than a bike or horse; the telephone did the same for communications; databases replaced 
filing cabinets; the internet and, later, mobile devices have drastically altered (if not replaced) 
print media. 

AI is ushering in a broader shift than merely faster logic and data processing, it is enabling 
altogether new user interfaces and experiences. Consider the following interfaces that are 
powered by various AI technologies:  

• Voice recognition 

• Gesture recognition 

• Facial recognition 

• Social robots  

• Autonomous vehicles 

• Drones 

• Hearables (with virtual assistants)  

• Augmented reality 

• Virtual reality 

• CV and three-dimensional (3D) modeling 

• Virtual assistants  

• Language translation services  

These, among others, all represent alternatives to current modes of interaction. They also 
represent diverse efforts aimed at scaling how we digitally interface with the physical world. 
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“We’ve gotten used to having knowledge at our fingertips,” says Todd Mozer, CEO of 
Sensory. “But soon that won’t be enough—after all it is annoying to have to constantly swipe 
in and tap around a bunch of apps on your phone. The impact of accessing knowledge by 
voice may seem like a convenience play today, but voice access will lead to a more seamless 
approach that will extend into the future. Think about when biometric recognition becomes 
the obvious security improvement for identity authentication. Think about the impacts of 
putting on [AR or virtual reality (VR)] glasses that bring contextual knowledge and sensory 
functions to any learning or gaming experience. Someday AI will be embedded within us to 
use sensors that augment our memories and knowledge so that verbal queries aren't even 
needed. AI is the future of UX.” 

From AR and 3D printing to voice, gesture, motion, gaze-tracking, and far beyond, the 
interface for our interactions with the physical world may yet exist, but will continue to evolve 
rapidly and in ways unforeseen. 

2.2.2 THE HOLY GRAIL OF BRAND-CONSUMER RELATIONSHIPS 
Pulling together as many diverse and disparate data sets to ascertain and anticipate user 
needs has long been a chief objective of consumer-facing businesses. After all, leveraging 
all of these data to target the right person with the right message or experience at the just 
the right time remains the proverbial “holy grail” of customer experience (CX). The internet, 
social media, online communities, mobile, and advertising analytics have awakened 
organizations to the potential value of behavioral analytics at scale, but companies still 
struggle to manage these (often unstructured) data sets effectively. AI presents a host of 
new capabilities that could help brands better manage customer relationships. 

2.2.2.1 EFFICIENCY GAINS ENABLED BY ARTIFICIAL INTELLIGENCE 

While certain categories or techniques of AI will help generate net new revenue, Tractica 
finds the majority of use cases supported by AI today help drive efficiencies. Efficiencies 
enabled through AI run the gamut, including but not limited to the following areas: 

• Speed: AI allows organizations to handle various tasks at scale far more efficiently 
than possible in the past. Rapid processing, parsing, curation, analysis, and 
presentation of text, images, language, gaming, and time-series data have 
historically been very cost-prohibitive and inaccessible to most. Now that we can 
leverage adequate hardware speed and data for training, processing such 
information becomes a question of developing and refining a computing model, not 
of hiring droves of employees to tag content or worse, remaining in the dark with 
unstructured data. The more information one can digest at scale, the faster one can 
learn. DL, in particular, also reduces the need for feature engineering, a process that 
typically takes months of engineering work to achieve. 

• Agility: ML and DL are computing architectures designed to be adapted to new 
problems relatively easily. Using techniques like convolutional neural networks 
(CNNs), recurrent neural networks (RNNs), and long short-term memory, 
applications around vision, time series, language, etc. can be shaped and re-shaped 
to meet changing circumstances and contexts.  

• Accuracy: When layers are able to learn from each other and apply learnings to the 
next layers, cumulative learning can drive significant improvements to accuracy. Not 
only do networks take less time to train, they get better and smarter over time as new 
data is introduced. Qualitatively, such learning enables abstraction and nuance 
detection at a much higher level than was ever possible for computers. From a 
quantitative perspective, models offer statistically-generated percentages of certainty 
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(e.g., the model is 93.4% certain this piece of content will resolve the customer’s 
issue). 

• Access: While technology giants like Google and Microsoft are leading the adoption 
of AI (especially DL) today, the openness of the research community and ubiquity of 
SaaS solutions are slowly increasing access for this technology to mid-sized and 
smaller enterprises. Salesforce.com’s acquisition of MetaMind is geared toward 
“baking in” certain ML and DL capabilities to each cloud of its customer relationship 
management (CRM) suite, for whom a large customer segment is small to medium-
sized businesses (SMBs). 

These efficiencies impact every business function and automate both consumer-facing and 
enterprise processes. 

• Personalization and Customer Insight: Using AI technologies, organizations can 
target individuals at a hyper-personalized level, based on learnings not only from 
diverse data sets, but from the model’s ability to detect patterns and automate 
decisions based on those patterns. Although organizations should exercise 
significant discretion around sensitive data, privacy concerns, and customer 
protections, the opportunity is to use insights to craft an experience tailored precisely 
(and even predictively) to what each user desires. 

• Process Optimization: AI can help drive intelligence at each level of an 
organization. From sales, marketing, support, and product to finance, human 
resources (HR), operations, logistics, legal, and beyond, the ability to augment tasks 
has use cases across the enterprise. As companies work to integrate these 
processes and their respective insights, this technology can help accelerate efforts 
toward the broader Big Data holy grail: learning from internal and external information 
as rapidly as possible to create as efficient and intelligent an IT/operational 
technology (OT) architecture as possible. 

• Product Improvement: While not unique to AI, the ability to learn from product 
interactions and content begets greater insights from which to improve. Where AI 
enhances this is in the ability to improve the model for learning and the content and 
interactions that ensue. For example, companies have used DL to significantly 
enhance voice recognition and e-commerce recommendations. These improvements 
drive accuracy and a better CX for personalized end-user interactions, while also 
feeding research and development (R&D) for the broader product. 

• Sales Optimization: By analyzing and modeling patterns across sales, customer, 
product, operations, market, and other data sets, AI can help drive predictive sales 
activities (i.e., predictive lead scoring, preemptive product failure alerts, predictive 
support, etc.). 

2.2.2.2 ARTIFICIAL INTELLIGENCE HELPS BUSINESSES SHIFT FROM CONSUMER-FACING TO CONSUMER-DRIVEN  

The status quo for optimizing functions like operations, merchandizing, supply chain, and 
product development is still largely analog and not directly driven by consumers. Companies 
conduct market research, and use basic analytics to track orders and seasonal fluctuations. 
By contrast, various AI can help bridge “front-of-house”/consumer-facing insights with “back-
of-house” operations. For example, ML, DL, and NLP power all manner of chatbots, voice 
recognition, and even robots, which can help brands triage, react, respond, and provide 
faster, more efficient, and personalized services. But data collected through or as a result of 
these interactions can also help organizations learn how to automate or optimize areas like 
in-store and online environments and layouts; labor allocations; product development and 
design; product sourcing; inventory replenishment; channel strategies; partnerships; etc.  
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Although this represents complex configuration with significant management required, it is 
an evolutionary “next step” in any business’ digital transformation. First comes connectivity 
and digitization, then how to leverage disparate and diverse insights for cross-functional 
efficiency and proactive services. Tractica expects that, over time, “maturity” in AI will be 
marked by businesses’ ability to infuse user-facing services and interactions with back-end 
or enterprise process and supply chain optimization. 

“AI is powerful for customer experience, and can also help businesses map customer 
feedback to business processes,” as Catherine Havasi, CEO of Luminoso explains. 
“Companies can use AI to quickly build an association space to classify individual comments 
as they come in. For instance, AI can help a support program look at a group of support 
tickets, calls, or chatlogs via chatbots, and in a subsecond be able to determine this is a 
cancellation call, determine the right script for that user, then steer calls to right place, 
whether to an agent, to self-service help, etc.” 

While many view technology giants and startup darlings as those with the slick apps, legacy 
data-intensive industries, albethey highly regulated, have an opportunity here as well. “The 
one thing we have about our customers is data.” Says Michael Natusche, Global Head of AI 
for Prudential. “A lot of the time companies have the wrong data, but if you have good data, 
then you can build models [that] operate from within an app or other touchpoint, and 
personalize a lot of the UX. If we know what you’re likely to want based on adjacent 
information we have about you, we can use the AI to overcome the expectation gap that 
people have when they interact with a financial institution.” 

2.2.2.3 IMPACTS ON PRODUCT DEVELOPMENT AND SERVICE DESIGN  

No function is more impacted by AI than the product itself. The impact of ML, DL, NLP, and 
other techniques on product functionality, management, and R&D will transform design 
cycles, product roadmaps, and CXs. While the opportunity for the “virtuous cycle” of 
intelligent algorithms spans all functions, the most immediate examples can be found at the 
product level, wherein data fuels ongoing improvement based on each phase of the data life 
cycle. More users create more data, which feeds smarter algorithms, which improve product 
and UX, which repeats the cycle. Put simply: data-driven product  more data  smarter 
algorithms  better insights  more profit  more investment  better product  more 
users  more data. 

Figure 2.4 The Virtuous Cycle of Intelligent Algorithms 

 
(Source: Tractica) 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

19 
 
 

Many of the so-called Hyperscalers, i.e., data giants like Google, Baidu, Facebook, etc., 
have been developing DL systems designed to enable ongoing product development and 
personalization. Baidu, for example, is using DL to constantly improve its recommendation 
engines for local search, dining, media streaming, and navigation services by integrating 
feedback into the AI system to improve future recommendations. The potential for this is not 
only more automated R&D, but streamlining product updates, personalizing experiences, 
optimizing resources associated with product delivery, improving marketing, etc. 

2.2.2.4 DATA AS BRAND-CONSUMER CURRENCY  

Perhaps the most important takeaway for brands leveraging AI for consumer-facing 
applications is to understand data as currency between consumer and brand. Through this 
lens, data generated with each touchpoint results in the proverbial dollars that signal 
intention. While collecting such data may not be new, AI offers a host of new techniques for 
collecting, digitizing, and analyzing interactions. 

From a business model standpoint, it is not just what product or service the consumer 
purchases, but who, how, when, where, why, and through what means engagement of any 
kind signals business opportunities. From an operational standpoint, this data can inform 
numerous process efficiencies (as outlined in Section 2.2.2.1). From a customer relationship 
standpoint, AI quickly processes consumer engagement data for convenience, discovery, 
ease of use, personalization, and in more advanced cases, product design. This, in turn, 
creates “stickier” applications and increases loyalty.  

“Over time, consumers will develop emotional profiles that brands will intimately understand,” 
says Gabi Zijderveld, Chief Marketing Officer at Affectiva, a company specializing in emotion 
recognition. “We’ll take these profiles with us in our lives, across devices, transit, throughout 
brand interactions.” 

This represents a massive opportunity and risk for brands at once because the value of data 
is not static, rather it varies over time and can even expire after a certain amount of time. 
Companies Tractica interviewed for this research pointed to an important distinction when it 
comes to real-time personalization versus personalization based on historical data. 
Personalization is useless when, for example, we see advertisements for products we were 
searching for for someone else, or have already purchased. 

“If as a consumer, your ‘ground truth’—all data about you— is encapsulated and just floating 
around in the cloud, that doesn’t necessarily bode well for ‘right time’ personalization or even 
concerns around privacy,” says Babak Hodjat, co-founder and CEO of Sentient. “Instead of 
hoarding as much data as possible across every fragment of interaction, local storage and 
processing allows you to stay at the point of need. The place where we as consumers make 
decisions, where data are captured, is typically the most important contextually.” 

Instead of relying on huge historical data sets as a treasure trove of insights, companies can 
leverage real-time interactions and processing to take a more inquisitive approach. “Less 
guessing and more asking and listening. Like how humans actually interact!” explains Jon 
Catling, former Head  of Data Architecture and Data Science for Las Vegas Sands Corp. 
“We can offer better decisions and services at the point of contact rather than out of the blue. 
For example, if I’ve been walking outside for 30 minutes in very hot weather and have not 
gone anywhere that offers a drink, how about the agent asks me if I’m in the mood for an 
iced tea, just a block up. It’s contextual, welcome, and adds value, not invasive, inaccurate, 
or annoying.” 
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Ultimately, “AI should be about humanizing the experience,” says Gilad Meiri, CEO of Neura. 
“It can help educate both business and consumer about each other. Capabilities like voice 
or gesture recognition shouldn’t just be a different way to turn settings on and off. Companies 
should use these new ways of interacting to build users’ understanding of products and 
products’ understanding of users.” 

2.2.3 SOCIETAL BENEFITS  
While our demands to achieve human-level discretion, accuracy, meaning, and autonomy 
leave room for a great number of trust and security issues (reference Section 2.3.1.2), it is 
worth noting that this technology may also engender certain societal benefits. Tractica’s 
research identified the following areas as having the potential for a positive impact of AI: 

• Public Health: AI is being used to analyze large data sets relevant to public health, 
including weather trends, social media, clinical studies, and beyond. Institutions like 
the Centers for Disease Control (CDC) have used AI to analyze patterns to detect 
outbreaks, novel symptom patterns, seasonal flus, and scan methods for response. 

• Translation: DL and NLP have rapidly improved translation services in the last few 
years and this is leading to far more reliable and nuanced capabilities for multi-lingual 
communications. This has wide implications for how business is carried out, speed 
and productivity of localization services, and how millions of people consume 
information and media produced in another language.  

• Education: AI is being applied to language and visual applications that help tailor 
learning methods, content, and interactions at the individual level. Already, 
companies are providing “intelligent” and personalized tutors for children, diagnostic 
training for service providers, and AR-based training for mechanics and repair 
technicians. When coupled with mobile, this has the potential to increase 
engagement and success in current education programs at every level. In addition, it 
can open up or enhance new avenues (i.e., means to jobs, degrees, and mobility) for 
millions of people worldwide who lack access to quality education. 

• Social Interaction: While the negative consequences of humans’ increased 
interactions with bots (especially when compounded with decreased interactions with 
other humans) are unsettling and probably not fully comprehensible, there are 
glimmers of benefit in certain cases. Humans are extremely social creatures. 
Scientific research has repeatedly emphasized the negative impacts of loneliness, 
such as cognitive decline and increased risks of heart disease. For many, perhaps 
most especially the elderly and/or disabled, social interactions, intellectual 
stimulation, and general companionship can drastically improve quality (and length) 
of life. 

• Quality of Work: Although many are understandably concerned about the prospect 
of mass job elimination by way of bots, another possibility may be simultaneously 
true. Could software automation improve the quality and experience of working? In 
some cases, work may become less manual and tedious and more mentally and 
creatively engaging; in other cases like customer service, which is less repetitive and 
more case-specific, it could mean fewer angry customers and more rapidly routed, 
information-equipped ones. Automation has been targeting repetitive jobs that, 
unfairly, have been associated with lower intelligence of the uneducated classes. 
Could machines help elevate such workforces to gain skills that are more 
transferrable, offering them more mobility than currently possible when focused on 
single, repetitive tasks? 
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• Environmental Sustainability: AI can be used to detect areas of energy 
inefficiency, redundancy, and re-allocation of energy. Today’s function of monitoring 
sensors and actuators could be tomorrow’s models based on years of sensor, time-
series, weather, and other data that learn and support a highly dynamic energy 
utilization schema. Google famously used DeepMind to achieve a 40X improvement 
in energy expended to cool its data centers. This equated a 15% reduction in 
overhead for power usage effectiveness. AI is also being used to enable smarter 
farming through a range of techniques used to detect threats to crops, predict 
weather and soil conditions, manage livestock, and allocate resources more 
efficiently for high production output. 

• Medical Breakthroughs: Although we are still in the early days of AI application in 
healthcare, developments underway hold incredible promise in areas like medical 
image analysis, disease detection, and treatment recommendation. Even today, 
researchers at the University of Ohio are using deep neural networks (DNNs) and 
ML to transform the efficacy of the hearing aid by enhancing sound segregation. The 
team identified and used 85 unique attributes to train the model to distinguish speech 
from noise. Early results show a boost in speech comprehension in noisy 
environments from 10% to 90%. Longer term, the ability to combine, analyze, and 
learn from disparate (often unstructured) data sets could accelerate drug 
development, forecast patient illnesses, and even develop highly personalized virtual 
assistants for patients and doctors. 

• Safety and Security: AI could help identify anomalies and signal preemptive action 
to prevent the failure of surgical devices, mission-critical machinery, power-
generating technology, or any other technology that could impact end-user safety. 
Drones, localization and mapping, object recognition, and other AI tactics and tools 
could also enhance areas pertaining to security, both digital and physical. Learning 
diverse details of current threats, integrating safety precautions into workflows, and 
using the model to identify new threat vectors are use cases targeted by startup Deep 
Instinct, among a growing number of companies. 

2.3 MARKET BARRIERS 
Despite the array of benefits, AI could enable for consumers and consumer-facing 
organizations, the technology faces numerous significant barriers to achieving widespread 
adoption in every realm. AI, in general, suffers a significant gap between high expectations 
of intelligence and the reality of current limitations of software and computing. The complexity 
of the technology and nascence of the market are exacerbated by a significant shortage of 
talent and a wide range of social, ethical, legal, and regulatory questions and concerns. 

2.3.1 INVISIBLE ARTIFICIAL INTELLIGENCE  
One of the least commonly discussed (if critical) areas in consumer AI is how various AI 
technologies can operate or support altogether invisible human-machine interactions. 
Although brands may exploit the benefits of this to streamline UX or process optimization, 
this also introduces a number of issues around user awareness and consent, social norms, 
trust, and in many cases, questions around data protection, liability, or compliance.  
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While certain applications, such as robotics or autonomous vehicles, are overt, visible, and 
even tangible examples of AI, many other applications are implicit and invisible to end users 
and consumers. This is true in numerous applications supporting Big Data analysis, but data 
inputs collected through machine vision and NLP. A few examples include (but are not limited 
to): 

• Real-time responses via chatbot or virtual assistant, which may go undetected as 
bot-driven interactions become indistinguishable from human agents 

• Systems management, in which AI is used to continuously monitor for suspect 
behavior, anomalies, or threats; often preemptive measures are taken by the AI itself 

• Contextual intelligence for mobile, in which AI supports collection and analysis across 
a wide and growing range of disparate datasets and input sources; some collected 
through third parties, some through devices, some through APIs and integrations, 
historical data, real-time data; used in real-time and for predictive services 

• Sensor data fusion, a technique that analyzes multiple sensor data feeds for insights 
no single feed could depict on its own; for example, using sensor data fusion to 
determine if a user is running from a threat, running for the bus, or running as a jog 

What these examples should illustrate is the degree to which users may or may not 
understand when, where, and how they are interacting with AI. In contrast to many explicit 
user interface modalities, like gesture or voice recognition, AI also enables invisible 
interactions, wherein users may have no idea how behaviors or inputs are analyzed by 
algorithms. 

“We as consumers have this tendency to think robots and flying cars when we think AI. We 
want to put a body around it,” explains Samantha Starmer, Holistic Customer Experience 
Expert at Ralph Lauren. “But really, in the future AI will be anything with which we interact 
that is learning from and responding to not only our interactions, but everyone elses’ and 
adapting based on that.” 

2.3.1.1 ARTIFICIAL INTELLIGENCE IS AMORPHOUS AND BROAD  

One of the challenges of AI in consumer markets is that is very difficult to define or provide 
a clear framework. Even in industry, understanding what is and is not AI is far from 
consensus. Translating this to consumers is even harder. Compared to technologies like 
social media or connected devices, AI in consumer applications is far more amorphous. 

While AI is not the tool for every job, its applications are vast; Tractica has identified some 
200 commercial use cases, more than 50 of which are directly consumer-facing. It can be 
used for a vast range of applications, including identifying cancer, rendering art and music, 
powering speech, interactions, navigation in social robots, and far beyond. 

So many manifestations of AI are part of its impressive potential, but they also make it difficult 
for adopters and end users to understand what it is and is not, how it is different from other 
technologies and when it would be the right solution to their specific problem(s). 

2.3.1.2 SURVEILLANCE AND PRIVACY CONCERNS  

AI introduces a number of new concerns around privacy and surveillance that will impact 
consumer adoption. In many ways, ML is inherently about discrimination, not in the 
sociological way, but insofar as it forces classification. Herein lies the root of much of the 
concern around privacy and AI. When machines (or developers) are categorizing and 
labeling consumers, and even using those categorizations for inferring and informing 
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services, how can we ensure categorizations are accurate, non-discriminatory, and with 
minimal unintended consequence? Are they accurate in the first place? How long do 
categorizations apply? Do consumers have any consent or control of such classifications? 

Areas of privacy concern depend on the AI technology. For example, technologies like CV 
and facial or gate recognition present new “invisible” methods for collecting personally 
identifiable information (PII) in real time. Social robots and autonomous devices that require 
identity authentication, but monetize through insurance or advertising services, present other 
privacy concerns, particularly when they involve speech, facial, or emotion recognition.  

Then there are numerous examples of AI applied to Big Data analysis, which impact how 
information about an individual is analyzed in both real time and as historical data for future 
“targeted” interactions. DL, in particular, offers companies new capabilities for pattern 
detection, involving or aggregating PII, which could intentionally or inadvertently be used in 
ways that threaten privacy. Even with differential privacy, which aims to maximize accuracy 
of queries from statistical databases, while minimizing chances of identifying individual 
records, aggregating data from different sources could be juxtaposed to infer behavior, 
location, and lifestyle, and inform precision targeting of individuals. 

“Even within the constraints of client requirements for maintaining proprietary database 
repositories, we have still been able to use deep learning to extract highly targeted consumer 
insights from different organizational data lakes,” explains the head of AI for a global 
advertising company who requested anonymity. “We do this by aggregating common entities 
and piecing them together to the point where we’re able to give a statistical level of 
confidence of 70% to 80% that this is the same individual. Therefore, we are able to model 
what individuals are doing digitally from the time they wake up to the time they go to bed.” 

Reference Section 2.3.1.2 for an assessment of privacy as a technological enabler and 
barrier.  

2.3.2 SOCIAL SENSITIVITIES  
In addition to the complexity surrounding AI, it also has a long way to go before it acts as 
seamlessly and intuitively as a human being. Although the drive to create machines in our 
image informs this technology, the reality is that we will disrupt ourselves and social 
hierarchies by doing so. 

2.3.2.1 INFLATED EXPECTATIONS  

Since the dawn of AI in the 1950s, the technology has been prone to hyperbole and 
unrealistic expectations. Predictions then that any feature of intelligence could be 
mathematically modeled and, therefore, simulated in a machine have fallen short, and 
caused numerous “winters” in which interest and investment in the space were all but 
abandoned. Such predictions also spawned global fascination with (and demand for) science 
fiction media of all manner. Even today, as data and computing at scale reignite the decades-
old dream, the reality is the vast majority of AI in production today targets a very specific part 
of a very specific problem; what we call narrow AI. By contrast, more generalized or strong 
AI where a machine exhibits behavior and reasoning that is at least as skillful, introspective, 
aware, and flexible as humans does not yet exist in the wild, never mind at scale.  

Inflated expectations inspired by science fiction (and perhaps, hubris), coupled with the 
current state of narrow AI make AI especially easy to oversell. “Functionality is both the 
biggest enabler and barrier to AI,” explains Andy Peart, CMO of Artificial Solutions. “This is 
the curse of expectation: You can have the most sophisticated customer service AI analyzing 
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patterns across thousands of stock keeping units (SKUs), customers, support tickets, 
suggest improvements in distribution lines, content, support tactics able to triage high 
volumes… but at the end of the day, if it doesn’t answer the customer’s question correctly, 
it’s perceived as a dumb AI.” 

2.3.2.2 CURRENT LIMITATIONS  

Despite the hype and investment, it is essential to remember we are in the primordial days 
of AI. While elements of ML and robotics have been around for decades, the recent 
acceleration of AI capabilities should not be mistaken as a panacea for all intelligence. AI is 
advancing, not advanced.  

The most basic “limitation” of AI today is that it is narrow. Narrow AI, sometimes called 
“weak” or applied AI is when AI is focused on a single task, problem, or domain. For example, 
customer service programs that use ML and NLP to automate support inquiries or triage, or 
provide content or product recommendations is an example of narrow AI. Domains are 
largely within the scope of the specific business, products, services, processes, customer 
problems, existing content, and internal datasets. 

By contrast, strong AI, sometimes called artificial general intelligence (AGI), occurs when 
AI is capable of performing any intellectual or problem-solving task a human being can, and 
can account for any informational contexts across any or all domains. Examples of strong AI 
are still more aspirational than real today as we lack the integration capacity (and perhaps 
good enough data) to develop truly generalized AI. Some would distinguish, for example, 
the difference between an autonomous car that can detect when an object is in front of it, 
and stop as a default reaction, versus one that is aware of the classifications, physical nature, 
composition, and movement of all objects, and is constantly learning and making driving 
decisions based on shared experience (i.e., data processing) of all other autonomous 
vehicles. 

Many have argued the Turing Test, in which a human is unable to distinguish if the interaction 
they are having is with a human or non-human, is a proxy for strong AI. Others like Jack 
Copeland, a prominent philosopher in the area of AI and the Turing Test at University of 
Canterbury, Christchurch, New Zealand argue the greatest barrier to strong AI is not the 
technology, but rather, our inability to define intelligence. “Strong AI’s ultimate goal is to make 
an intelligence computer that can think and understanding, but those terms remain 
ambiguous and undefinable… the definition varies from person to person and situation to 
situation; hence, there is no general measure of “success” in the field of strong AI.” 

All AI today is narrow AI; yet visions for AI, predictions around AI, and just about any science 
fiction treatment of AI is strong. Even within the realm of narrow AI, businesses developing 
such solutions face a range of practical limitations, including but not limited to: 

• Access to quality training data 

• Significant time required for data cleaning and processing 

• Access to energy to power rapid computation 

• Access to limited pool of talent  

• Lack of algorithmic standards  

• Unclear legal and ethical standards and liability 

• Uncertainty around compliance with existing regulations  
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• Lack of interoperability across protocol, device types, data types, and data sets 

• Constraints in “edge-level” processing power  

• Risks of algorithmic explainability and compliance in highly regulated industries  

• Lack of industry-specific best practices  

2.3.2.3 SOCIAL CONVENTIONS AND BACKLASH  

Although, or perhaps because, our expectations for AI tend to be overblown, therein lies 
significant risk of societal backlash. This is in no small part due to our aspirations to have AI 
resemble ourselves. Humans hold themselves in high intellectual esteem, and intelligence 
is heralded as a cardinal virtue in modern societies. People are often accorded higher social 
status based on their intelligence. Educational institutions rank students the world over 
according to their ability to perform on cognitive tests. Intelligent people often are financially 
better rewarded as well. This is an article of faith in many cultures around the world that 
education is a stepping stone toward a better life. This makes AI controversial because it 
challenges some peoples' sense of self-worth and upsets the social order. 

Below is a list of example areas in which social conventions lag behind, are unclear, or 
contort the perceived value of AI-driven interactions: 

• Facial Recognition: Are consumers comfortable with businesses using facial 
recognition to personally identify them? Who is responsible for privacy protections? 
If a crime takes place, will all individuals (identified using facial recognition) in the 
area be subject to inquiry? 

• Always-On Voice Recognition: For many voice-enabled devices, defaults are set 
to always-on, so that the software is constantly listening for a “wake word” (e.g., “Siri” 
or “Alexa”). If a voice-enabled assistant processes all language it hears, where, how, 
and when will this data be used? A 2016 murder case was the first time that speech 
data from the Amazon Echo was summoned for evidence; Amazon declined to 
provide this or comply with the search warrant, citing customer privacy. 

• Virtual Assistants: When computers and devices start speaking to end users within 
the context (and sometimes dialect) of their own language, interactions are often 
unpredictable and dance along human vulnerabilities and emotional sensitivities. 
Japanese company Gatebox recently opened pre-orders for a 3D anime character 
virtual assistant, marketed as a digital companion, designed to aid in smart home 
functionality, and with social isolation and loneliness. 

• Hyperpersonalization: The ability to learn from multiple data sets, some 
unstructured, is one of the key strengths of DL. As a result, many advertisers and 
service providers envision finally reaching the proverbial holy grail of customer 
experience: right person, right product, right time, right place, right content, etc. 

AI has been controversial since its inception. It remains controversial to this day and it will 
be controversial in the future. The more successful AI becomes, the more controversy it will 
generate. This has three consequences: 

• AI technology will attract controversy regardless of the technology’s actual faults or 
merits. The more the technology threatens the social order, the more controversial it 
will be perceived. 

• Companies that successfully use AI will be reticent to publicize results. They may 
intentionally or unintentionally sandbag their competitors and make marketing difficult 
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for their vendors. 

• As technologies like DL become more successful, they will stop being called AI and 
be re-labeled with one or more socially acceptable terms. 

“The whole point is to make artificially intelligent systems less artificial, otherwise people 
won’t trust them,” explains Steve Ardire, AI investor and advisor. “This is why emotional 
intelligence becomes the future of AI; people don’t change behavior on information, they 
change is based on emotion. Also, people think differently than machines; people think 
cause and effect; machines think in correlation. This is a fundamental barrier to reckoning 
our relationship to AI.” 

2.3.2.4 ANTHROPOMORPHISM AND HUMAN BIASES  

In our quest for both biomimicry and superhuman powers, it is inevitable that our own biases 
will influence the development of and our interactions and relationships with AI. Biases can 
and will exist across AI interactions: in the development of algorithms, services, form factors, 
and machine “personalities,” as well as in the context of user experience. Although few, if 
any, AI applications pass the Turing Test today, the technology is rapidly advancing in the 
direction of becoming more human-like, not less. Below are a few areas Tractica’s research 
surfaced as highly relevant to consumer-facing AI. 

• Anthropomorphism: Humans tend to anthropomorphize the objects around them: 
We name our cars, we talk to our pets, and we imbue inanimate things with emotions 
and genders. This has been the case for centuries and modern technology is no 
exception. In robotics and increasingly in “formless” AI applications like chatbots or 
virtual agents, our tendency to anthropomorphize machines helps us relate to, and 
even empathize with them. Robotic research in the military found that soldiers 
commonly named, talked to, awarded, mourned the loss of robots. Even when the 
robots did not resemble humans, bipeds, or animals, strong emotional responses 
were established. These findings add nuance to the famous roboticist Masahiro 
Mori’s uncanny valley framework, characterized by the hypothesis that human-like 
objects that “appear almost, but not exactly, like real human being elicit feelings of 
eeriness and revulsion among some observers, and that the object’s ability to move 
amplifies emotional responses.” 

Figure 2.5 The Uncanny Valley of Humanoid Figures 

 
(Sources: Framework: Masahiro Mori, Roboticist; Image: IEEE Spectrum) 
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• Gender Roles: It is hardly a coincidence that designers of AI-powered products and 
services tend to name them. Whether a robot or a virtual agent, we have seen a 
sharp increase in the number of products given human names and voices that 
typically reflect a gender. Robotic expert and ethicist Kate Darling recently pointed 
out the bias we are imposing on robotic naming conventions (consciously or not). 
The most famous AI that support cognitive tasks have male names (e.g., Watson or 
Hal 9000), while the most famous AI supporting service roles have female names 
(e.g., Alexa, Siri, Amelia). 

• Bias in Datasets: As the old axiom goes: trash in, trash out. When it comes to 
algorithms, bias in, bias out. Algorithmic bias is a significant issue for AI applications, 
not only because human bias influences the development of systems, but data 
inputs themselves are often fraught with bias. For example, AI systems that use 
language data sets have been found to develop mathematical relationships (called 
“biased embeddings”) between specific words or genders, races, or other 
prejudices. This is particularly problematic in recommendation algorithms, but has 
been detected in chatbots, translation systems, and image-captioning programs as 
well. “Emotions are universal, but cultural norms subtly alter expression,” adds Gabi 
Zijderveld, Chief Marketing Officer at Affectiva, a company specializing in emotion 
recognition. “Mitigating bias comes down first, to making sure you collect the right 
data (so you don’t introduce bias in the data), and then using that data-- constant 
training, validation and testing, humans in the loop, running experiments to improve 
accuracy.” 

• Robotic Rights: An emerging field of robotic ethics and rights concerns the ethical 
and legal questions surrounding how humans can and should treat robotics socially. 
Today, there are few legal repercussions to the verbal or physical abuse of a robot. 
Moreover, we are inclined to treat humans with more patience and respect than 
robots. “The line between these things being ‘just a machine’ or something else is 
blurry,” says Jon Catling, former Head of Data Architecture and Data Science for 
Las Vegas Sands Corp. Experts point to animal rights as a proxy; we may eat 
animals, but there are laws against torturing and abusing them. “Will we end up 
treating robots as second-class citizens? Pets? Slaves?” Cattling asks. 

• Job Displacement: The inevitable limitations of “intelligent” machines means short 
to medium-term impact on jobs will not be one of replacement, as much as 
transformation. Rarely, say AI experts, will a job be fully eliminated, but rather a 
percentage changed. Teams will not necessarily be replaced, but forced to reorient. 
In the consumer AI realm, the reality and/or perception of job displacement has 
diverse impacts: consumers may reject certain technologies out of contempt, they 
may elect for human-driven services over robotic ones, or they may demand more 
value in exchange for their data. Certainly, cases abound of employees resisting AI 
technologies in the enterprise, outlined in Section 2.3.3. Reference Section 2.3.2.5 
for a deeper discussion on job displacement. 

• Codependence: What happens when humans become “so empowered” by virtual 
agents and robotics that they become emotionally, socially, or occupationally reliant, 
even co-dependent on them? While this may sound absurd in the context of a social 
robot, consider our reliance on the internet for information; on the global positioning 
system (GPS) for navigation; or on mobile devices for connectivity. As AI infuses 
both consumer products and services and enterprise tools and decision-making, and 
as the AI itself learns how humans respond, emote, and work, codependency looks 
less absurd and more inevitable. 
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2.3.2.5 JOB DISPLACEMENT  

One of the most contentious aspects of AI is job displacement. In December 2016, the White 
House released a report stating that AI could cost millions of jobs. In particular, the report 
found that workers earning less than $20 per hour and without a high school diploma would 
be at the highest risk of displacement by automation. Automation via AI generally threatens 
a wide range of job markets, including: 

• Low Training, High Tedium: Functions performing highly tedious tasks, or functions 
that require (sometimes prohibitively) large numbers of individuals to perform a 
simple task at scale 

− Example: Tagging content; reviewing paperwork  

• Low Training, High Sensory Perception: Functions performing logistical tasks that 
previously relied on human perception 

− Example: Inventory movement in warehouses; driving and navigation 

• High Training, Low Bandwidth: Functions with high training, but [human] limitations 
for data input, analysis, non-bias 

− Example: Economic advisors, inventory managers, real estate agents 

• Beyond Human Capacity: Capabilities beyond, or superior to, human capacity or 
ability 

− Example: Big Data analytics, empirically-based prediction, and decision-making 

Although these categories account for millions of jobs worldwide, the reality is that 
displacement will not happen overnight and we are still early in AI adoption, not to mention 
not trusting systems more than humans. Ultimately, some jobs will be eliminated by AI, 
others enhanced, and still others created. Impacts will be fragmented, happening more 
rapidly in certain sectors than others. What is critical is that enterprises, governments, and 
academic institutions work to ease the difficulty of those displaced through training, re-
training, entrepreneurial guidance, skills development, and access to new opportunities. 

Of course, technological phenomena replacing entire job categories are nothing new. All 
technological revolutions render certain job categories obsolete, but they also create new 
roles. In 2016, the World Economic Forum famously pointed out that many high-demand 
jobs of today, such as social media managers, Big Data architects, mobile operating system 
(OS) engineers, UX designers, etc., simply did not exist 10 years ago. Similarly, AI will 
undoubtedly drive numerous new types of jobs. Humans are not just encoding AI systems, 
they must continuously program, train, repair, and optimize them based on their relationship 
and evolution within each application context. There will be countless, if yet-to-be-defined, 
roles involved in evaluating and updating laws, protections, regulations, and ethical 
frameworks for an increasingly automated, even autonomous world. 

2.3.3 UNCHARTERED TERRITORY FOR BUSINESS  
New capabilities introduced by AI also spell new risks. Risks for businesses span across a 
wide range and the nascence of AI application in the enterprise means it is unlikely we have 
a full scope of where and how AI will threaten businesses. Tractica’s research surfaced the 
following risks that businesses must consider when deploying AI. 

• Automated Decision-Making: One of the fundamental value propositions for AI is 
its ability to automate decision-making and offload discretion to machines. When 
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decisions result in greater accuracy, efficiency, safety, and service improvement, or 
account for more data than a human could, benefits are obvious, but when decisions 
result in negative consequences or worse, negative consequences go undetected, 
businesses risk serious backlash, even loss. 

• Inadequate Resources for AI Management: Implementing AI models, particularly 
DL algorithms, is no small feat. It typically requires expensive hardware, sometimes 
customized for specific applications, and lots of training time to learn. Moreover, 
these are not “set and forget” initiatives, but rather require ongoing resources and 
overhead to manage. Management is also not just a matter of monitoring basic 
performance, but of reassessing outcomes, assumptions, and impacts. Without 
constantly engaging in a virtuous cycle of looking at current sets of data and 
evaluating recognition, inferences, and how systems are taking in environmental 
context, businesses will lose sight of when, how, and why AI is functioning and 
making decisions. 

• Imperfect AI or Agents/Bots: AI supports a variety of ways businesses can 
interface directly with consumers such as chatbots, conversational agents, robotics, 
etc. These represent new touchpoints for brand engagement and relationship-
building, but when they go awry, they risk a botched experience, public relations 
(PR) crises, misrepresentation, or backlash. Microsoft recently had to shut down its 
online chatbot, Tay, when in the course of 24 hours, it began spouting outrageous 
hate speech (based, in some unknown part, on user interactions and public data). 
Even in less dramatic cases, our inflated expectations around AI, combined with the 
limitations of the technology, mean risks of failure are high. Consumers expect to 
have a natural conversation with a bot like they would a human, without real topical 
constraints. But if the data isn’t there, the bot will fail. 

• Curation: Recommendation engines are becoming more and more standard as AI-
driven methods for efficient curation. While recommending movies, music, or 
clothing is fairly low-risk, recommendation engines for news, search, medical 
treatments, or loan approvals carry much more risk. In the case of news or search, 
algorithms could be perversely weighted more toward clicks and advertising than 
surfacing information people need to know. In the case of medical, financial, or other 
highly regulated applications, risks of false positives, malpractice liability, 
discrimination, and disenfranchisement abound. 

• Algorithmic Bias, Undetected, and At-Scale: See Section 2.3.2.4 for an overview 
on algorithmic bias. 

• Third-Party Data: While companies have been using third-party data sets for some 
time, AI presents new opportunities and risks to using and sharing such data. 
Satellite imagery, weather data, financial markets data, and demographic data, 
among others, can add value in certain applications, while potentially undermining 
competitive/anti-trust agreements, regulation, or privacy laws when used in DL 
models. 

• Overly Invasive or Creepy: The ability to analyze massive datasets, including more 
unstructured data, temporal data, sensor data [fusion], and third-party data means 
AI will help amplify capabilities for personalized services. This also carries significant 
risk of annoying users or creeping customers out to the point of abandonment. 
Despite, or perhaps because of, the fact that most consumers do not realize the 
tremendous amount of data companies have about them, organizations risk 
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backlash if they do not wield such insights responsibly and appropriately. 

“Even within the constraints of client requirements for maintaining proprietary 
database repositories, we have still been able to use deep learning to extract highly 
targeted consumer insights from different organizational data lakes,” explains the 
head of AI for a global advertising company who requested anonymity. “We do this 
by aggregating common entities and piecing them together to the point where we’re 
able to give a statistical level of confidence of 70% to 80% that this is the same 
individual. Therefore, we are able to model what individuals are doing digitally from 
the time they wake up to the time they go to bed.” 

2.3.3.1 ARTIFICIAL INTELLIGENCE AS AN EXTENSION OF BRAND PERSONA 

As AI underlies various brand personifications and interactions, companies suddenly find 
themselves depending on AI to communicate and embody the character of their brand. This 
is, for the most part, unchartered territory for brands, but nevermore relevant as companies 
of all sorts are deploying chatbots, virtual avatars and assistants, conversational agents, 
robots, and other anthropomorphic brand extensions.  

AI-powered sentiment analysis, for instance, is a technique using ML and various 
configurations of NLP, CV, or DL to analyze all manner of user expressions—linguistic, tonal, 
vocal, facial, biometric—in order for brands to plan and act accordingly. But these analyses 
are being used for more than triaging angry customers to a human. For example, IPSoft’s 
virtual customer service avatar Amelia can detect when users report a particularly painful 
event, even how they feel emotionally based on the language they use, and respond with 
empathetic facial expressions, and verbal/textual responses that show genuine concern for 
the customer. These emotional cues from the end user can influence and dynamically 
change Amelia's behavior accordingly–escalating to a live agent if need be, so that 
customers receive the attention they deserve. From horror to humor, Amelia has more than 
50 emotional facial expressions, which are designed to develop empathy and “bonding 
mechanisms,” according to Christopher Reardon, Director of Cognitive Experience Design, 
at IPSoft.  

Figure 2.6 IPsoft’s Amelia, a Virtual Humanoid Avatar for White-Label Customer Support 

 
(Source: IPsoft) 
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“For brands, this becomes about character building using AI,” explains Reardon. “What are 
the things you want to imbue within the AI that make your AI at [Nike] different from your 
competitor’s AI at [Adidas]; to embody the virtues of the company with respect to each 
individual?” The very nature of brand—consistency in corporate identity, products, and 
services—will undergo some growing pains in light of these new technologies. How can 
brands balance deep capabilities for personalization with a consistent brand identity? “While 
my experience with [Nike] will be unique to me and different than yours,” says Reardon, “we 
should share the same core notion of the brand.”  

Trunk Club, a Nordstrom-owned company that delivers personalized clothing-as-a-service 
leverages ML with clear boundaries designed to enhance personalization—of styles and 
outfits in their case—while preserving high-touch customer experiences. “We’re very 
cognizant of the uncanny valley,” explains Justin Hughes, VP of Product Development, and 
Design at Trunk Club. “We are very careful to keep the entire experience very human, in fact 
we don’t use bots. Customers know it and it ruins what is often a very personal experience 
for them. Instead, we use machine learning to prompt sales with certain messages that they 
then hone in the context of that individual; or to prompt an opportunity for an individual to 
come into one of our Nordstrom locations for a custom fit with a human being.” 

While such humanoid extensions of brand are a nascent market today, many brands are 
deploying chatbots and other “faceless” agents to engage with consumers. Tractica 
examined the role brands play (or should play) in communicating with consumers about 
when and how AI is being used during engagements. While some companies articulate “this 
is a chatbot” in certain applications, by and large, most companies are not communicating 
with their end users about AI. 

Figure 2.7 Brand Notification on the Landing Page for The North Face’s e-Commerce Chatbot 
Pilot 

 
(Source: The North Face) 

“The problem is the current mode for talking to customers about the use of their data or 
technology powering applications is effectively nil,” says Samantha Starmer, Holistic 
Customer Experience Expert at Ralph Lauren. “Instead, companies should be upfront and 
AI services should be marketed and explained as beneficial to the consumer.” Once again, 
numerous companies interviewed pointed to these communications as an opportunity for 
companies to build understanding. Training the user helps drive engagement, which in turn, 
helps train AI models. 
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2.3.3.2 EMPLOYEE SENSITIVITIES  

Even with the fastest processors, best data, and successful training of the model, certain AI 
applications can be thwarted by employee resistance. Some worry that such new tools 
merely preface their own job displacement. Others are uncomfortable with explaining the 
technology’s role in unsolicited outreach or interactions with customers. Others worry they 
could instigate an unwanted media crisis. Others may disagree with the recommended action 
or outcome a model provides. 

Many of the companies Tractica interviewed cited this as a critical hurdle requiring education, 
training, and assurance that such tools are meant to enhance, not replace employees. One 
large financial institution is implementing DL to identify new upsell opportunities. In 
confidence, the leader interviewed shared that employees resisted using the model’s 
recommendations because they lacked justification for why they suddenly had new 
information about customers and were using the information to recommend them new 
products. 

2.3.3.3 REGULATORY ISSUES  

Every company has different regulatory and compliance standards, and these regimes vary 
vastly by industry, region, and country. Perhaps unsurprisingly, the question of AI’s role and 
impact on regulation is multi-faceted and a source of great tension and debate in the AI 
space. Broadly speaking, some say regulatory frameworks and rules should play a 
preemptive and strict role in how businesses develop and deploy AI systems, while others 
fear that such frameworks would stifle innovation before the technology has had a chance 
to get off the ground.  

“There is a learning curve for everyone with these issues,” explains Stephen Wu, 
shareholder at Silicon Valley Law Group. “What constitutes legally defensible positions in 
these scenarios? When is a product ready for market? How safe is safe enough? There are 
always trade-offs, but how can we curb abuses?” What is most critical is to develop systems 
with safety, compliance, and ethics as the primary concern, preventing automated systems 
from making decisions that discriminate against certain groups or individuals, and developing 
with transparency and explainability in mind for how models arrive at decisions. 

Regulatory issues associated with AI tend to fall into the following areas, although it is worth 
noting we are in the early days of this space and this list is not exhaustive.  

• Compliance with sector-spcific legal requirements 

• Data sourcing, authenticity, and integrity 

• Data privacy and security 

• Records and information management governance 

• Algorithmic decision-making  

• Intellectual property generated by AI  

• Liability arising from operation of robots, autonomous machines, or AI systems  

• Liability of manufacturers or developers of robotics, autonomous machines, or AI 
systems 

• Liability of human actors, if interacting with autonomous agents 

• Transparency, algorithmic opacity, auditability, and compliance 
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• Issues of bias and descriminiation in the design and operation of AI systems  

• Robotic rights and ethics 

“One of the core issues around AI is finding adequate volume of ‘good’ data,” says Randy 
Krotowski, advisory board member at C3IoT. “Add to that navigating proprietary models, 
competitive structures, anti-trust, plus privacy laws, and this is made exponentially more 
difficult.” Ever-evolving regulatory regimes, perhaps most notably for consumer AI, the 
European Union’s Global Data Protection Regulation (GDPR) in which consumers own and 
may exert control over their data, create fundamental pivots for narratives around data 
sharing and data ownership that have yet to be fully tested. 

Tractica expects certain regulatory frameworks may emerge sooner than others, such as 
frameworks to support data sharing for specific cases like public health or safety. In addition, 
other technologies may play a role here, such as developments in blockchain or security. If 
data could be shared to train models without being viewed (by humans), or perhaps data 
interactions were permissioned across distributed ledgers or controls allocated to end users, 
these could introduce new solutions to navigating such regulatory questions. 

Longer term, if we succeed in creating a new kind of conscious or sentient intelligence, could 
we continue to regulate such agents or bots under the assumption that they have no rihts of 
any kinds and are inherently the property of humans? Could we control them or prevent them 
from dominating us? Leaders in the space like Elon Musk and Bill Gates remain outspoken 
advocates for regulation in the context of strong AI, where AI could become so advanced 
that machines become conscious of human constraint. 

An introspective look at the future introduces even more questions. “We’re moving towards 
a world of having direct connection between human thought (the brain) and technology,” 
says Stephen Wu. “If humans become something more than their biological brains, 
enhanced by artificial intelligence—which probably uses cloud computing to process—what 
happens if someone hacks in or disables that processing?”  

2.3.4 BUSINESS MODELS AND MONETIZATION IN CONSUMER ARTIFICIAL INTELLIGENCE  
This potential for AI lends itself to an infinite number of business model impacts. The sheer 
scope of applications involving machine perception, language, and Big Data analysis 
introduces untold opportunities for both cost savings and new revenue generation by 
enabling fundamentally new contexts for business process workflows, service design, and 
decision-making. 

The digitization of society has created new business models that would be impossible before 
the advent of computing. Given its role in where and how and data is collected and used, AI 
helps accelerate this and will enhance many existing enterprise software business models. 

In the consumer space, most AI is sold business-to-business-to-consumer (B2B2C), where 
a business sells an AI service to another business, which uses it to support existing B2C 
models. Much of the disruption AI will cause in the coming years will not be from AI enabling 
new ways of doing things, but from AI enhancing the value of traditional business models. 
The following examples are not intended to provide a comprehensive list of all possible 
business models, but to suggest some that might be possible using AI.  

• Ad Supported: A DL system that plays a game against human competition, such as 
online chess or a crossword puzzle, could be used to create an ad-supported 
business model. This might prove an especially good business model on mobile 
phones. 
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• Brokerage: The ad services business is a perfect example of how AI can bring 
buyers and sellers together and earn a fee for the service. Based on the buyer’s 
internet usage, a DL system can identify which products they are most likely to buy, 
offer them ads, and collect a fee when they click though. Such a system would also 
be capable of changing the ads it serves based on the buyer’s changing pattern of 
internet usage. 

• Bundling: This is likely to be one of the most common business models for AI, if not 
the most common. In a self-driving automobile, the AI system will be bundled with 
the rest of the car’s features. In a medical diagnostic system, the AI system will be 
bundled in a consultation that includes not only diagnoses, but possibly also 
treatment. AI systems will be bundled along with personal digital assistants, such as 
Facebook’s Moneypenny. MATLAB already includes a neural network toolbox 
module, along with its other math-related products, and AI products are being 
bundled with smartphone voice recognition systems. 

• Crowdsourcing: Given the amount of large crowdsourced data platforms like 
Facebook produce, this is likely to be one of the most profitable uses of AI to exploit. 
Using a DL system to tag the 240 billion or so photos users submit every day 
generates close to 100% profit. Virtual digital assistants (VDAs) like Moneypenny and 
Cortana have the potential to generate even more crowdsourced data than social 
networks. 

• Freemium: The freemium model service, such as basic English-to-Mandarin text 
translation, could be offered for free, but more advanced services, such as voice 
translation could be offered at a premium. 

• Low-Touch: In a medical diagnostic system, a DL system could be used to provide 
treatment without involving a physician. The low-touch business model is one large 
companies like Walmart have mastered. 

• Leasing: Cloud computing, which is really a form of leasing, lends itself to AI 
applications. Hardware could be leased in the cloud to train DL systems in one 
example. Predictive application programming interfaces (APIs) that sell by the 
answer would be another example of leasing.  

• Product: Trained DL systems, such as a Mandarin-to-English translation system, 
could be sold as products to be bundled in with other products. Training data sets 
can also be sold as products, as could algorithms.   

• Service: DL systems will require many services on either a time-and-materials basis 
or a fixed price model, including maintenance to function. 

• Product-to-Service: Self-driving cars could be converted from products that 
individuals own to a passenger service that companies like Uber provide. 

• Standardization: Taking a personalized service, such as financial planning, and 
standardizing it by using a DL system in place of human financial advisers is an 
example of the standardization business model. 

• Subscription: Especially in the cloud, AI systems that translate languages, play 
games, and make predictions, could be sold on a subscription service, rather than as 
a product. 
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2.3.5 DIRECT VERSUS INDIRECT REVENUE IN CONSUMER ARTIFICIAL INTELLIGENCE 
Tractica’s ongoing coverage and forecasting of the AI market includes tracking direct versus 
indirect revenue associated with specific AI technologies, use cases, and industries. Direct 
revenue is money generated directly by the technology. In the consumer space, direct 
revenue is generated by what buyers pay when they purchase a product or service. By 
contrast, indirect revenue is generated through efficiencies gained, cost-savings achieved, 
products/services sold, or disasters averted as a result of the technology. An example of 
indirect revenue generated in consumer context would be ordering a pizza through an 
Amazon Echo. The consumer pays Amazon for the Echo; the pizza place for the pizza, but 
Amazon receives a small revenue kick-back by enabling that transaction.  

In the consumer space, Tractica finds the vast majority AI applications is indirect revenue. 
In this sense, AI is built to support other types of offerings that are not AI led. For example, 
it might improve product recommendations, make search results more relevant, develop 
better advertising algorithms, etc. 

“We think about monetization as a function of reducing friction,” explains Chris Mullins, 
Senior Director of AI & Research with Microsoft. “How are we using AI to eliminate friction in 
every phase of the shopping experience? —understanding intent, concerns, channel 
behavior, inventory, stock, shipping, support? The more we can use AI to deliver what people 
want and when, the less they have to find extra time to purchase, the more seamless the 
overall experience.” 

While business models in which AI is bundled are dominant in both consumer and 
enterprise/industrial applications, consumers purchase value propositions based on 
outcomes. “We don’t buy a service because it uses AI, we’ll buy a service because it delivers 
or predicts what we want when we want it,” says Randy Krotowski, advisory board member 
at C3IoT. 

Today, there are relatively few examples of direct revenue-generating products/services in 
the consumer AI market. While one could fairly argue that social robotics are an example, 
they are often purchased for engagement, companionship, monitoring, or entertainment 
value, not for their AI. Another example could be an AI-driven travel concierge (see Section 
3.2.22), wherein AI was the differentiating factor from alternative (mostly free) travel services. 

While the market is simply too nascent to say for certain, Tractica sees virtual assistants as 
another potential direct revenue-generating consumer AI application, if users came to 
prioritize and purchase such services for their abilities to “learn” an individual’s interactions 
and support their needs, and were willing to pay for them. Today, the prototypes for these 
services—Google Assistant, Amazon Alexa, Apple’s Siri—are all “free” to users, and bundled 
into larger software or hardware offerings. 
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SECTION 3 
CONSUMER ARTIFICIAL INTELLIGENCE USE CASES  

3.1 INTRODUCTION 
DL has a wide range of applications, impacting workflows and decision-making across just 
about every industry. It is often used in cases where feature extraction with classic ML is too 
difficult. Also, DL is often a “tool” in the software intelligence toolkit, and, depending on the 
needs of the use case, may be implemented in combination with other programming 
techniques, such as CV and NLP. Below are summaries of the top industries and use cases 
in terms of the amount of revenue generated, as measured by Tractica’s AI forecast model 
for 2016 through 2025. 

3.2 AUTOMATED TOUR GUIDE AND ITINERARY SERVICE  
Instead of people providing tours, there is potential that social robots could replace humans 
as tour guides in some instances, such as museums and zoos, where personnel budgets 
are limited. It is also possible that autonomous cars, vans, buses, trains, or even boats could 
support tour services, in which the text or content of the tour is delivered by a voice-enabled 
bot and even uses sensor data to detect real-time context like location, weather, human 
interactions, etc. 

The challenge for social robots is similar to issues that VDAs like Siri have, which is filtering 
out ambient noise. In a social robot’s case, that would also include filtering and categorizing 
priority of those speaking to it. When the stakes for social interaction are lower or non-
existent, as in the case of building a simple itinerary, NLP, ML, and DL could offer other 
opportunities. AI could be used to mine relevant data sets, such as past travel, purchase, 
social, and location data, as well as third-party data on foot traffic, weather, events, etc. to 
deliver personalized itineraries based on an individual’s unique travel contexts. 

There is a walking tour for visitors in Helsinki, Finland. The 140-minute tour mixes education, 
sight-seeing, and adventure with an AI-powered computer game. Participants walk along a 
route wearing headphones and the AI guides them along streets, shops, on the metro, and 
beyond. 

IBM partnered with Local Motors to develop Olli, an autonomous van that uses IBM Watson 
IoT for Automotive to provide a “chauffer” experience. Olli can take passengers to requested 
destinations, while answering questions about the area, the journey, and providing 
recommendations for nearby places to see. 

Tractica forecasts that the annual revenue for automated tour guide and itinerary services in 
consumer markets will increase from $0.03 million worldwide in 2017 to $0.97 million in 2025. 

Table 3.1 Automated Tour Guide and Itinerary Services in Consumer, World Markets:  
2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  -   0.03   0.07   0.13   0.22   0.34   0.49   0.66   0.82   0.97  N/A 

(Source: Tractica) 
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3.3 BUILDING GENERATIVE MODELS OF THE REAL WORLD  
The concept of strong AI is the idea that AI is able to exhibit behavior and act as skillfully 
and flexibly as humans can. Today, this concept remains largely fiction, as what it entails—
a vast interconnected understanding of the physical laws, taxonomies, consequences, and 
even social constructs that govern our world—are a far cry from any AI application to date. 
Building generative models of the real world is a small but important step in this direction. 

At a high level, AI is being used to help generate models and maps of the real world. This is 
an essential step toward enabling vision-based systems in things like cars and robots, so 
they can start to understand the physics of the world. By using a combination of sensing 
technology, including high-definition (HD) cameras, ultrasonic sensors, radar, light detection 
and ranging (LIDAR), and GPS mapping technology, highly accurate maps can be 
generated, with accuracy within a few centimeters. In consumer applications like robotics, a 
high degree of accuracy is especially important in enabling autonomous devices, which may 
use this data to establish position while in a home, room, or in-store environment. 

Today, the mode of operation for autonomous devices’ “vision” is a function of object 
detection and generally lacks information beyond category. By contrast, with a generative 
model, the AI powering vision-based systems would understand the movement (what an 
object or person is doing). Generative models of the real world help develop the context with 
which to make a decision about how an autonomous device maneuvers itself. 

A German company, Micropsi, is developing robotics for industrial applications, but its 
techniques are relevant in consumer applications as well. The company trains robots via 
reinforcement learning and uses models to simulate gravity and movement, and uses 
gaming reward functions to reward or punish the AI based on task. The company says it has 
used this technique to power robots capable of painting, using screwdrivers, applying labels 
to packages, polishing, and other highly-refined tasks. OpenAI, as well as companies like 
Prowler.io and Improbable, are taking steps to support this use case. 

Tractica forecasts that the annual revenue for building generative models of the real world 
in consumer markets will increase from $0.33 million worldwide in 2016 to $35.67 million in 
2025. 

Table 3.2 Building Generative Models of the Real World in Consumer, World Markets:  
2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  0.33   1.37   2.93   5.20   8.43   12.76   18.16   24.24   30.34   35.67  68.3% 

(Source: Tractica) 

3.4 CALENDAR, MEETING, EVENT SCHEDULING, AND REMINDERS  
Scheduling is time-consuming, not just for business engagements, but for consumers as 
well. AI is introducing numerous possibilities for accelerating the tedious job of scheduling 
and ensuring successful attendance to events. NLP, in particular, helps analyze text, and 
natural language understanding (NLU) helps process voice for easier spoken interactions to 
schedule or add reminders. ML can also be applied to help learn from past patterns and 
recommend times or venues to ensure successful meetings or event attendance. 

Startups like x.ai, Zoom, and Clara Labs use natural language to understand scheduling 
requests and to sift through unstructured data, such as email addresses and contacts to 
automatically propose, correspond, and confirm in person, online or telephone meetings. 
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Offerings from internet giants like Google and Microsoft can perform some calendar 
scheduling, but as of now, they are not as seamless and full-service as the specialists 
mentioned. 

Tractica forecasts that the annual revenue for calendar, meeting, event scheduling, and 
reminders in consumer markets will increase from $1.91 million worldwide in 2016 to $11.46 
million in 2025. 

Table 3.3 Calendar, Meeting, Event Scheduling, and Reminders in Consumer, World Markets: 
2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  1.91   2.14   2.51   3.08   3.92   5.06   6.52   8.20   9.92   11.46  22.0% 

(Source: Tractica) 

3.5 CHILD BEHAVIORAL ANALYTICS  
Parents and teachers are instrumental in children’s development and such interactions have 
long been a core focus of child psychologists. With the birth of mobile apps came a wave of 
child behavior tracking apps, which typically supported classic engagement or monitoring 
techniques, such as incident tracking, reward systems, suggestions for encouragement, and 
even basic money management. An emerging application for AI is to augment such apps 
and caretakers’ abilities to analyze children's digital activity to gain insights. ML, in 
combination with DL, NLP, facial recognition, gesture recognition, and a variety of 
technologies, take app-based child behavior analytics to the next level. 

An app called Bark uses ML to help parents assess teenagers’ online interactions, risks of 
cyberbullying, sexting, and depression, while protecting their privacy. ML, NLP, and a team 
of youth advisory specialists can identify language and develop specific tags that may be of 
concern. For example, codes like “CP9” can mean “parents are nearby” or “53X” for sex. Its 
software works by monitoring teens’ social media accounts for specific behavioral signals 
without storing or sharing any of the data, which Bark promotes as a welcome trust-builder 
between parents and teens. 

Another example is Light.House, an in-home camera marketed as an in-home assistant. The 
device uses 3D sensing technology, NLP, and DL to distinguish between adults, kids, pets, 
objects, and actions, known and unknown. The objective of the device is to aid parents in 
three areas of insight: what has happened, what is happening, and what is happening that 
should not be happening. The device supports interactive voice and gesture recognition so 
parents can communicate with those in the house remotely, custom-design activity alerts, 
security actions, and historical search of activities or video feed, etc. A few examples of 
commands the Light.House product supports include: 

• What did my kids do while I was out today? 

• Ping me if the kids are playing outside. 

• If you haven’t seen the kids by 4 p.m., send me an alert.  

• What did the babysitter do with the kids?  
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Tractica forecasts that the annual revenue for child behavioral analytics in consumer markets 
will increase from $0.02 million worldwide in 2017 to $0.52 million in 2025. 

Table 3.4 Child Behavioral Analytics in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  -   0.02   0.04   0.07   0.12   0.18   0.26   0.35   0.44   0.52  N/A 

(Source: Tractica) 

3.6 COMPUTER-AIDED ART 
People have been using computers to generate drawings, images, sounds, music, 3D 
designs, and a host of other art forms since the dawn of personal computers (PCs). In these 
contexts, software programs were developed to aid as a sort of canvas for creation—for 
drawing, editing images, arranging melodies or rhythms, or analyzing the dimensions of 
objects or other 3D assets for manipulation, manufacturing, visualizing, or other industry-
specific needs. 

AI is the next evolutionary step to computer-aided art, only instead of simply providing a 
canvas and tools to automate designs, AI itself contributes to or even fully develops designs. 
A variety of technologies can support this depending on the application, but today, computer-
aided design often leverages ML and NLP to learn from and suggest unique renderings 
based on training data. 

Google recently released Sketch-RNN, a tool that allows users to collaborate with neural 
networks to suggest different ways to complete your drawing. Start with a shape, and the 
software then predicts auto-completes for the drawing based on its experience having 
analyzed millions of user-generated examples. Sketch-RNN follows an earlier Google tool 
called Quick, Draw! in which it used DL to guess what people were drawing while they were 
drawing it. Another app called AutoDraw identifies hand-drawn doodles and suggests clip-
art replacements. 

But it is not just about doodles. Neural network art is becoming a niche genre, as 
programmers continue to build on each other’s work to develop algorithmic-generated 
images. The AI Painter Artwork tool allows users to upload a photo followed by a photo of a 
painting, and the app automatically turns the photo into a painting of that style.  

Other efforts, such as Pix2Pix, DeepWarp, and Google’s DeepDream project, all use neural 
networks to create art based on user inputs. 

Figure 3.1 AI Painter, a Neural Network that Renders Photos as Paintings 

 
(Source: Deep Dream Generator) 
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Tractica forecasts that the annual revenue for computer-aided art in consumer markets will 
increase from $0.09 worldwide in 2017 to $4.62 million in 2025. 

Table 3.5 Computer-Aided Art in Consumer, World Markets: 2016-2025 

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  -   0.09   0.24   0.47   0.82   1.33   2.0   2.82   3.73  4.62  238.4% 

(Source: Tractica) 

3.7 CONTEXTUAL INTELLIGENCE FOR MOBILE  
Pulling together as many diverse and disparate data sets to ascertain user behavior has long 
been a chief objective for mobile operators and brand marketers. After all, leveraging all of 
this data to target the right person with the right message or experience at the just the right 
time remains the holy grail of CX. Yet this has been challenging to deliver due to a host of 
reasons: data integrity, data ownership, privacy/creep concerns, connectivity constraints, 
and limited demand from end users. 

AI presents a number of efficiencies and opportunities to enabling contextually relevant and 
sensitive services via mobile. Using ML, NLP, and, in some cases, DL to analyze diverse 
data sets is one efficiency, but the real value comes in training models to identify ways for 
users to improve their own efficiencies. 

Google’s vast hardware and software ecosystems are working toward this. By integrating 
any single user’s native apps, third-party apps, and Android-enabled hardware, they are 
building smart agents (called Google Assistant) designed to have a sort of aerial view of all 
data and behaviors. 

• Examples of Native Apps: Calendar, personal preferences, email, photos, 
weather, reservations, file share, Google+, Allo messaging bot, and other Google 
services  

• Examples of Third-Party Apps: Social media, e-commerce, media, travel, sports, 
news, etc.  

• Examples of Android-Enabled Hardware: Mobile phones, watches, Google 
Home, and Android TV will soon integrate with cars, etc. 

Like other virtual assistants, Google Assistant is designed to develop ways to proactively 
suggest or offer helpful actions in context. For example, a user might be driving, and the 
assistant might suggest offering an alternative route given sudden traffic, routing the driver 
by a nearby gas station because gas is running low. Users can summon Google Assistant 
to quickly offer in-context suggestions, such as in the middle of texting with a friend about 
going to see a movie, writing “Okay Google, what movies are playing near me tonight?” The 
more users interact with Google Assistant, the more it learns user preferences and 
behaviors. Google touts it as a sort of personal Google, “a Google for your own world.” 

Google is one of many large (and smaller) companies working on contextual intelligence for 
mobile. Microsoft’s Cortana, Amazon’s Alexa, and Apple’s Siri are highly competitive plays 
in contextual intelligence. Meanwhile, many startups and apps are targeting this space with 
specialized applications; Trevor AI is working to manage time to help users align activities 
and to-do lists toward personal goals and habit builders. Hound is another app that claims 
superior voice services that deliver results faster. In an adjacent trend, Bragi is developing 
an earpiece designed to be a self-contained computer for your ear, which uses sensors to 
offer real-time context via voice. 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

41 
 
 

Tractica forecasts that the annual revenue for contextual intelligence in mobile in consumer 
markets will increase from $2.16 million worldwide in 2016 to $55.31 million in 2025. 

Table 3.6 Contextual Intelligence in Mobile in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions)  2.16   3.51   5.58   8.71  
 

13.25   19.50   27.50   36.80   46.45   55.31  43.4% 
(Source: Tractica) 

3.8 FACIAL RECOGNITION  
Facial recognition is a computer’s or machine’s ability to identify or verify a person based on 
their facial characteristics. Computer applications use digital images, video frames, and 
video feeds to recognize people’s faces. AI supports facial recognition through various ML 
and DL techniques, sometimes involving CV. Recognition algorithms are commonly divided 
into two main approaches: 

• Geometric: Looks at distinguishing features (face, nose, shape of eyes) 

• Photometric: Takes a statistical approach by processing an image into values, then 
eliminates variances by comparing the values with templates 

Advancements in processing power and in other adjacent technologies have brought about 
complementary techniques to enhance facial recognition. Some of these include:  

• 3D Facial Recognition: Using 3D sensors to capture information about shape, 
depth, lightfall 

• Skin Texture Analysis: Uses image recognition to turn unique lines or spots into a 
mathematical space 

• Thermal Analysis: Uses thermal cameras to detect head shape, while accessories 
like glasses or make-up are undetected 

• Eye and Retina Recognition: Detects unique features of a person’s eyes 

• Emotion Recognition: Facial expressions or physical features are analyzed against 
databases to determine the subject’s disposition 

Facial recognition is a verifiable biometric and useful in a variety of security and identity 
authentication applications. Recent advancements in the technology have also opened up a 
host of new commercial applications in marketing, service, and CX. In consumer markets, 
facial recognition is being used to unlock software on mobile devices, to organize personal 
photo collections or tag friends, to search for friends or even lost children, to streamline the 
e-commerce process of trying on glasses or sampling make-up, or even to authenticate 
identity on smart home devices or participating in online services, such as educational 
courses. An early example is a product called Chui, which is an intelligent doorbell that uses 
facial recognition to enable keyless, secure, and individual-specific entry. It also scans faces 
and alerts users of who is at the door. Similar authentication is supplementing verification in 
other areas like online educational courses, in healthcare check-ins, and in “video-banking” 
cases. 

Disney recently integrated facial recognition into its MyMagic+ systems, to authenticate 
season pass users, and automatically place photos taken on rides and cruises into 
personalized albums. 
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A variety of uses exists for facial recognition in consumer-facing markets about which 
consumers may be less informed, aware, or accustomed. Some examples include: 

• Shopping malls for security and shopper identification, driving personalized in-store 
engagement from sales associates or mobile apps 

• Casinos, hotels, restaurants, stadiums, other high-profile events for security and 
loyalty member identification, to identify celebrity stalkers, criminals, etc.  

• Social media companies for product, service, algorithmic improvement, for targeted 
advertising  

• Advertisers for digital and billboard ad targeting 

• Insurance companies to assess risk, health, life expectancy, etc.  

• Automotive manufacturers to enable security notifications and individual driver 
profiles storing preferences for seats, radio, calendar, address book, etc.  

• Churches to analyze the frequency with which congregants were attending services  

Facial recognition does not have to be individually identifying, and can serve as an effective 
way to detect useful signals. For instance, South African coffee company Douwe Egberts 
set up a coffee machine in an airport, and used facial recognition to simply dispense free 
coffee to those who yawned.  

Still, it may not be surprising that consumers often express reticence or even outrage about 
facial recognition and surveillance without their knowledge or consent. A recent study found 
that 75% of consumers would not shop in a store that used facial recognition surveillance if 
the data was used for marketing purposes, according to research firm, First Insight. Unlike 
other authentication techniques, such as fingerprinting, iris scans, or speech recognition, 
faces can be recognized without a person’s awareness or participation. Furthermore, facial 
recognition can be used to unearth additional personal data about an individual, such as 
social networking profiles, blog posts, travel patterns, internet behavior, and other areas 
where individuals’ photos may appear. What remains critical for consumer-facing 
commercial use cases is to inform users of both the use of facial recognition technologies 
and how data is used thereafter. 

Tractica forecasts that the annual revenue for facial recognition in consumer markets will 
increase from $1.16 million worldwide in 2016 to $22.8 million in 2025. 

Table 3.7 Facial Recognition in Consumer, World Markets: 2016-2025 

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  1.16   1.74   2.64   3.98   5.90   8.51   11.80   15.56   19.38   22.80  39.3% 

(Source: Tractica) 

3.9 LANGUAGE TRANSLATION SERVICES  
Language barriers are not always easy to overcome and can sometimes create barriers for 
business and consumer relationships. While the kaleidoscope of language and linguistics 
will remain, AI presents fascinating potential for accelerating the process of translation. 

Legacy machine translation has depended on rules-based and statistical models, but 
accuracy has been an issue, and machine translation has not been accurate enough to 
replace professional translators. Progress has been made for language translation services 
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through leveraging NLP in combination with ML and DL. Google and Bing use NLP for 
translation and offer APIs. Open-source software is now available from Harvard, called Open 
NMT. 

Lilt is focused on language translation, which Lilt CEO Spence Green estimates is a $40 
billion market opportunity. The solution is used to assist human translation; a human 
translator looks at a piece they are translating, Lilt looks at the words and makes 
suggestions. “We estimate Lilt is making translations between 2 to 7 times faster than 
unassisted human translation,” said Green. The company’s largest customer is Canada’s 
Hudson Bay Company, which has 20 translators on staff. Lilt also works with many 
translation agencies. The solution, which is predictive, marries machine translation and its 
NLP API.  

Tractica forecasts that the annual revenue for language translation services in consumer 
markets will increase from $4.29 million worldwide in 2016 to $127.32 million in 2025. 

Table 3.8 Language Translation Services in Consumer, World Markets: 2016-2025 

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  4.29   6.80   10.81   17.06   26.47   39.94   57.88   79.74   103.71   127.32  45.8% 

(Source: Tractica) 

3.10 LOCAL SEARCH AND DISCOVERY  
Long ago, search engines realized that part of a successful search was not merely the 
relevance of the results to the inquiry, but the relevance of the results to the individual 
searching. Local search and discovery has long been moving toward greater personalization, 
primarily by taking into account browsing history and any available location data.  

What is new is the application of AI and DL into local search, offering far more nuanced 
personalization than mere browsing history or zip code. Social data, mobile data, IoT data, 
e-commerce data, demographic data, and so forth are all fed into DL algorithms to deliver 
hyper-personalized local results based on user preferences. The more search engines know 
about you, the more relevant the results and UX of local search and discovery will become. 
Consider the difference, for example, between searching: 

• Mexican food near me: Resulting in a list of Mexican restaurants within 2 miles 

• Mexican food near me: Resulting in top three nearby Mexican restaurants visited 
within the last 4 weeks, with images of dishes you have ranked on Yelp, notable 
food allergies, typical restaurant spend, optimal time of day, and coupon based on 
level of previous engagement 

To power such personalization, brands and search engines will use digital assistants, 
sometimes called virtual agents. These assistants—early examples include Amazon Alexa, 
Apple’s Siri, and Google Assistant—will pervade our homes, cars, office, and smartphones, 
and possess rich contextual data about users. Voice and speech recognition will only 
enhance the usability (and our reliability) of these services. Conversational interfaces do not 
just increase engagement, but they involve voice biometrics, which will drive digital 
assistants to integrate with multiple devices, pushing consistent UX tailored to individuals’ 
typical behaviors, needs, and interactions. Google Home, for example, can now recognize 
up to six distinct voices. 
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In addition to voice, beacons and AR will power local search and discovery as screens 
become less desirable and hyper-local proximity tracking (e.g., in the bread aisle at the 
grocery store) become possible. Both AR and beacons will enable users to signal interest 
and preferences by interacting with the real world, not through touchscreens. This explains 
why search giants like Google, Facebook, and Microsoft are leading innovations in AR. 

Tractica forecasts that the annual revenue for local search and discovery in consumer 
markets will increase from $0.82 million worldwide in 2016 to $33.12 million in 2025. 

Table 3.9 Local Search and Discovery in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  0.82   1.47   2.52   4.16   6.63   10.16   14.88   20.62   26.92   33.12  50.9% 

(Source: Tractica) 

3.11 MOVIE RECOMMENDATIONS  
The internet, channels like YouTube, and mobile devices have forever changed the movie 
industry from ideation to production to distribution; the mode of movie creation and 
consumptions are far less centralized. As has happened in print and music media, disruptive 
new platforms and business models have emerged that offer “all-you-can-watch” movie 
viewing. 

Companies like Netflix, Hulu, YouTube, and Amazon have all but replaced traditional brick 
and mortar (B&M) movie rental stores. What these services have in common are advanced 
uses for data and ML and DL. Netflix, in particular, has pioneered DL for movie 
recommendations supporting users in over 190 countries worldwide. It has developed neural 
networks to support hyper-personalized suggestions and rankings, search, similarity, and 
page generation as far back as 2014. Sophisticated models do not just ingest viewing 
patterns, favored actors, themes, film locations, and languages, but also must account for 
complex content licensing agreements and term limits, local/cultural variations in taste, 
global interest communities, device viewing preference, multi-lingual input patterns, and 
even optimal metrics to measure quality. They also run extensive ML to optimize the look, 
feel, and organization of personalized home pages. 

Figure 3.2 Netflix Uses Artificial Intelligence for Personal Homepage Optimization and A/B 
Testing for Page Generation  

 

 
(Source: Netflix Tech Blog) 
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These efforts balance competing agendas: tens of thousands of videos to show; targeting 
with personalized content that caters to specific interests but is not overly narrow; easy-to-
use navigation like search and lists; discovering new content; etc.  

Tractica forecasts that the annual revenue for movie recommendations in consumer markets 
will increase from $85.68 million worldwide in 2016 to $509.94 million in 2025. 

Table 3.10 Movie Recommendations in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

85.68  
 

95.49  
 

110.31  
 

132.64  
 

165.55  
 

212.00  
 

273.44  
 

347.94  
 

429.53  
 

509.94  21.9% 
(Source: Tractica) 

3.12 MUSIC RECOMMENDATIONS  
The internet and digital media have forever changed the music industry, from production to 
distribution, and even performance and concerts. This is also particularly true for music 
discovery. It used to be discovering music happened by word of mouth, through magazine 
subscriptions, or traditional print media. Then arose digital channels like Napster, MySpace, 
Apple music, and iTunes, and more recently, Pandora, Spotify, and a broad range of “all-
you-can-eat” online radio subscription services. 

The next evolutionary step in digital music discovery involves AI, in which models are trained 
on large data sets of listening data, user data, artist data, etc. These models tailor 
recommendations to individual subscribers or users, for specific songs, artists, playlists, etc. 

Spotify is a global leader in online music streaming and has pioneered the use of ML and DL 
for hyper-personalized song and playlist recommendations. The service streams about a 
billion songs every day and uses that data to optimize its service. It is important to recognize 
how Spotify’s AI relies on human curation: when users interact with songs (e.g., download, 
add to playlist, shares, “recent” versus past listens, etc.), Spotify takes careful note of these 
interactions to tweak algorithms for both music discovery and “hit” prediction. The company 
is placing big bets on AI to drive its strategy moving ahead as well, having just acquired 
French startup Niland, an AI company that it bought to continue optimizing music search and 
recommendations, while focusing on innovative products for both fans and artists. 

Tractica forecasts that the annual revenue for music recommendations in consumer markets 
will increase from $10.15 million worldwide in 2016 to $49.47 million in 2025. 

Table 3.11 Music Recommendations in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

10.15  
 

11.09  
 

12.50  
 

14.59  
 

17.66   21.96   27.64   34.52   42.05   49.47  19.2% 
(Source: Tractica) 

3.13 MACHINE/VEHICULAR OBJECT DETECTION/IDENTIFICATION/AVOIDANCE  
The ability for consumer electronics, vehicles, or any other appliance to “see” has been 
locked in the realm of science fiction until very recently. From driving a car to vacuuming the 
floor, consumers relied on themselves or other humans to guide machines using their 
eyesight alone. 
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With advances in ML and CV, which are becoming DL enabled, the ability to more accurately 
and precisely detect and identify specific features in physical spaces automates tasks like 
navigation, obstacle identification, and avoidance. As these techniques continue to grow 
more reliable, and in some cases, more “edge-based” (i.e., processing occurs locally on the 
device), more and more consumer devices will be equipped with object detection, avoidance, 
and navigation. 

Tractica’s research finds cleaning robots are an early adopter in this space, with a variety 
of autonomous vacuums, pool cleaners, floor washers, and other similar products now using 
AI-enabled LIDAR technologies to self-direct, localize, and even charge themselves. One 
example is Dyson’s Eye 360 robotic vacuum, which plans its routes according to floor type 
and charging needs. Much of the processing for this device happens locally, with an 
architecture not only to ensure more reliable functionality and less latency, but one built with 
privacy in mind as well. After all, autonomous robots may collect very personal imagery while 
traveling around the home. Reference Tractica’s Robotics Market Forecasts report for a 
deeper discussion on robots.  

Personal robots are another area in which object (and person) identification and navigation 
will be both AI-powered and define many of the use cases these devices promise. For 
autonomous personal robots, movement around home or in-store environments will be 
predicated on doing so without running into users or damaging furniture or infrastructure. 
Even for fixed personal robots, i.e., those that do not move around, facial recognition might 
be intertwined with use cases. An early example is the Clone Robot, an autonomous 
personal robot that uses object recognition, as well as facial and emotion recognition, to 
power an in-home “personal assistant.” The device can assist with in-home automation and 
security across other devices, personal photographer or videographer, storyteller for kids, 
videoconferencing platforms, and autonomously navigates and maps its way through the 
house. Personal robots also include elderly care robots, educational or toy robots, or other 
household robots designed to aid in or accomplish specific tasks like interacting with users, 
contacting others, moving or delivering objects, mowing the lawn, and beyond.  

Even beyond robots, many objects that consumers use will shift toward more autonomous 
machines. Connected cars are one obvious example, but other appliances, such as 
televisions (TVs), refrigerators, security systems, lighting fixtures, etc., may become 
equipped with CV capabilities to detect specific users or objects based on facial, image, or 
object recognition, or to understand the difference between a dog and a child. The Natatmo 
security camera is able to detect people, cars, and animals, and send alerts accordingly. 
Baidu’s DuLight is an early release of a device designed for blind or visually impaired users 
that uses CV and image recognition to identify what is in front of the wearer and describe it 
to them in real-time. Wearables or mobile devices that support AR could also employ this 
technology, as AR relies on sophisticated recognition of landscapes, including people, in 
order to accurately overlay holograms. 

  

https://www.tractica.com/research/robotics-market-forecasts/
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Tractica forecasts that the annual revenue for machine/vehicle object 
detection/identification/avoidance in consumer will increase from $2.18 million worldwide in 
2017 to $75.98 million in 2025. 

Table 3.12 Machine/Vehicle Object Detection/Identification/Avoidance in Consumer, World 
Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions)  -   2.18   5.44  
 

10.24  
 

17.04   26.24   37.77   50.89   64.16   75.98  N/A 
(Source: Tractica) 

3.14 PERSONALIZED HEALTH, FITNESS, AND WELLNESS IMPROVEMENT  
Since the 1990s, pedometers and fitness trackers have been paving the way for people to 
take their fitness and health matters into their own hands, rather than relying solely on the 
one-size-fits-all advice of the so-called diet industry. Millions of people worldwide spend 
billions of dollars in an attempt to improve fitness, health, and wellness. As new technologies 
emerge, so too do new capabilities for personalizing health, fitness, and wellness programs 
to individual scenarios. 

Thanks to decreasing costs of sensor technology, wearable devices have enjoyed explosive 
growth over the last 5 years. Innovations in this space have given everyone from kids to 
seniors greater insight into all manner of wellness, from step-counting and marathon training 
to diabetes monitoring and location tracking. Advancements in AI are beginning to enhance 
consumers’ abilities in both wearable and non-wearable applications. 

In wearable applications, AI can be used to analyze movements and biometrics collected 
from device sensors and recommend specific behaviors, exercises, decisions, etc. In both 
athletic and health and wellness contexts, data is often mined for highly personalized 
recommendations around training plans, injury prevention, dietary suggestions, water intake, 
sleep, etc. 

PIQ is a 13-axis sports sensor designed for athletes, which uses multiple motion-capture 
algorithms to break down any body movement and later associate it accurately with specific 
sports. The sensor collects thousands of data points during each workout, then compares 
data to previous performances (individual and at community level) to assess specific areas 
to focus on in future performances. The app delivers highly personalized recommendations 
based on individual stats and trends from similar professional athletes. 

ML, NLP, and potentially DL can also power new use cases for wearables used in lifestyle 
contexts, such as AI-enabled personal assistance in which a user wearing a smart 
earpiece—sometimes called a hearable—might receive text alerts or navigation assistance. 
AI can also power voice recognition, as in the Apple Watch; users can take advantage of it 
to make calls or request X with Apple’s Siri technology. Some suggest the impact of AI on 
wearables will introduce a “wearables 2.0” era, as AI-powered software will better support 
new form factors, such as head-mounted displays (HMDs), VR headsets, hearables, 
glasses, and even shoes and clothing. 

In non-wearable scenarios, where AI powers mobile or web-based software, AI supports 
Big(ger) Data analysis, which often includes wearable data, but draws from various other 
sources as well.  
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Sports retailer Under Armor has partnered with IBM Watson in its app Record, which does 
not only track and analyze workouts, sleep, and nutrition, but mines other third-party apps 
and data sources to deliver personal nutrition coaching and training advice. 
Recommendations tap into Watson’s modeling of other similar health/fitness profiles, as well 
as nutritional databases, psychological, and behavioral data. In the press release for the 
app, IBM explained the potential for such aggregated wisdom: 

A 32-year-old woman who is training for a 5K race could use the app to create a 
personalized training and meal plan based on her size, goals, lifestyle. The app could 
map routes near her home/office, taking into account the weather and time of day. It 
can watch what she eats and offer suggestions on how to improve her diet to improve 
performance. 

Tractica forecasts that the annual revenue for personalized health, fitness, and wellness 
improvement in consumer markets will increase from $13.14 million worldwide in 2016 to 
$353.5 million in 2025. 

Table 3.13 Personalized Health, Fitness, and Wellness Improvement in Consumer, World 
Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

13.14  
 

22.49  
 

36.71  
 

57.85  
 

88.12  
 

129.23  
 

180.99  
 

240.06  
 

300.02  
 

353.50  44.2% 
(Source: Tractica) 

3.15 PREDICTIVE TYPING ASSISTANT  
For as long as there has been information input via typing, there have been errors. While 
keyboard hardware has evolved over the years, the software powering input is evolving, too. 
Some tools like auto-correct for words, proper names, or phrases have been around for over 
a decade, but increasingly, AI is starting to support new ways of aiding information input and 
even response. Predictive typing is an example of ML-based typing assistance wherein the 
program is able to predict, and even populate a phrase by reading what the first word or two 
the user inputs. For example, a user might type “Looking” and the machine might suspect, 
based on the past interactions with the recipient, the remainder of the phrase to be “forward 
to seeing you.” Sometimes, the AI completes the sentence automatically, but user input 
overrides the machine if its suggestion is incorrect. Another form of predictive typing 
assistant was introduced a few years ago with “swype” in which input was not done by typing 
each letter, but by tracing a line across letters on the keyboard to spell the word. 

Google is currently taking the concept of predictive typing to the next level with its new Smart 
Reply feature. This provides relevant suggestions to quickly respond to incoming messages 
with the tap of a button, rather than typing at all. For example, if a user receives an email 
with an invite for dinner at 7:30, the tool might serve up three options: accept, propose a new 
time or place, and decline. 
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Figure 3.3 Google’s Smart Reply Offers Auto-Generated In-Context Responses 

 
(Source: Google) 

While it is unlikely typing will ever go fully extinct, the UX of text-based input remains fairly 
tedious. Predictive typing assistant functions help consumers communicate more quickly 
and accurately using keyboard devices across a range of use cases, from messaging and 
social media to e-commerce and entertainment. As voice interaction, predictive replies, 
emojis, and a range of other inputs supplement our expressions, we also expect the text 
input to decrease, or at least grow smarter. Look for predictive word/phrase assistance to 
infiltrate speech-enabled interfaces over the next few years as well. 

Tractica forecasts that the annual revenue for predictive typing assistants in consumer 
markets will increase from $9.54 million worldwide in 2016 to $30.2 million in 2025. 

Table 3.14 Predictive Typing Assistants in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions)  9.54   9.97  
 

10.72  
 

11.92  
 

13.72   16.24   19.45   23.14   26.89   30.20  13.7% 
(Source: Tractica) 

3.16 PRODUCT RECOMMENDATIONS  
Companies aiming to recommend products to prospects and customers have relied on ML 
for years. Amazon pioneered the “You Might Also Like” shopping experiences, which now 
incorporate everything from past purchasing history to social media connections, 
environmental data, advertising campaigns, and beyond. With the explosive growth of e-
commerce and massive increases in data, more companies are now beginning to apply ML 
and DL for “right product, right person” high-precision recommendations to incentivize people 
to buy, using image recognition and NLP and potentially NLU (for voice-generated queries). 

Pioneer of online product recommendations, Amazon, decided to open source its DL 
framework designed for product recommendation engines called DSTNNE in May 2016. 
Now, any developer can leverage the framework, while also offering clever improvements or 
data efficiencies Amazon had not thought of itself. Amazon’s press release stated, “We hope 
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that researchers around the world can collaborate to improve it. But more importantly, we 
hope that it spurs innovation in many more areas.” 

Some companies are using DL to better recommend their own products, while others are 
applying this use case to open up new business models by selling others’ products on their 
platforms. Houzz is a home remodeling platform that is using DL to scan photos of its 
proposed remodels and compare images to furniture and products in its database of some 
11 million home photos. It now makes available about 6 million products across 15,000 
merchants. 

Tractica forecasts that the annual revenue for product recommendations in consumer 
markets will increase from $27.8 million worldwide in 2016 to $393.99 million in 2025. 

Table 3.15 Product Recommendations in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

27.80  
 

35.52  
 

47.66  
 

66.43  
 

94.54  
 

134.62  
 

187.94  
 

252.81  
 

323.93  
 

393.99  34.3% 
(Source: Tractica) 

3.17 RELATIONSHIPS AND MATCHMAKING  
The internet has drastically altered how people approach dating. Since the early days of the 
internet, online chatrooms or communities served as forums for striking up [digital] 
conversation. With the dot com boom, dating websites like Match.com, e-Harmony, 
OKCupid, and many others not only digitized the “search” for a romantic partner, but created 
highly niche, even “personalized” platforms based on common interests. Today, millions of 
people use dating sites and mobile apps to make billions of connections each year. More 
than a third of marriages between 2005 and 2012 began online, according to research from 
the University of Chicago. 

The massive amount of data required and generated in the online search for a partner 
renders it an ideal candidate for AI; examples include question and answer (Q&A) data about 
highly specific and personal preferences, as well as demographic, location, mobile, social 
media data, and beyond. Relationship and matchmaking sites have been an early adopter 
of ML algorithms to more efficiently wield very Big Data for very personal(ized) 
recommendations. As AI has evolved over the last few years, sites are experimenting with 
new techniques using NLP and DL. 

Match.com UK recently launched a “dating bot,” a chatbot it calls Lara, designed to be a 
virtual dating assistant that helps users hone their Match profiles (via Facebook integration 
and interface) to attract potential partners. The bot uses NLP to analyze 50 categories or 
criteria, from hobbies to astrological sign, to deliver recommendations in the Messenger app, 
while also tailoring new suggestions by learning from user responses over time.  

Tractica forecasts that the annual revenue for relationships and matchmaking in consumer 
markets will increase from $0.22 million worldwide in 2016 to $11.72 million in 2025. 

Table 3.16 Relationships and Matchmaking in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  0.22   0.53   1.01   1.71   2.72   4.10   5.85   7.85   9.89   11.72  55.4% 

(Source: Tractica) 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

51 
 
 

3.18 SEARCH ENGINE QUERIES  
Making information easy to find and access has been the most basic mission for search 
engines since their inception. But the vast amounts of data and information available (about 
both the user searching, and their search inquiry), mean augmenting search engines is about 
optimizing content curation to specific user intentions and profiles. Consumers have become 
very impatient with search and multiple attempts with keywords has proven to propel users 
to other engines or to abandon search on a particular topic, reducing advertising 
opportunities. 

ML, DL, NLP, and image recognition, in particular, now power most of the world’s main 
search engines. NLP technology has improved dramatically over the past few years, and 
combined with DL, search engines are, according to Search Engine Watch, “able to 
understand longer, more complex queries, with different components that modify each other 
and can’t operate independently.” 

Most search engines, such as Google, Microsoft Bing, and Baidu, but also internet players 
like Facebook, have integrated natural language search into their software and are steadily 
eliminating keyword-based search. Engines have progressed so far as to be able to answer 
questions in context. Microsoft Bing’s Smart Search claims to be able to answer follow up 
questions, which depend on the previous query for context. In the example given, Bing was 
asked, “who is the president of America” and then in a separate question, “How tall is he?” 
for which the engine replies with both correct responses. 

In 2015, Google rolled out a DL system called RankBrain to power responses to search 
queries and interpret very large data sets. Additional acquisitions of Deep Mind and api.ai 
have enabled Google to use DL to continuously optimize its search product and results. 
Through ongoing refinement of some 12 billion web searches conducted per day, Google 
then leverages its algorithms to analyze much content across the web to deliver more 
accurate search results (and advertising). One such tactic is to look at customer reviews and 
earned media where people use their own real language to articulate sentiments about a 
product or experience. Andrew Howlett, founding partner of RAIN, explains that “someone 
might leave a review saying ‘this place has the best chips and salsa anywhere that doesn’t 
cost a fortune.’ Then that sentence will help now with someone searching for something like 
‘I’m on a budget, where is a good restaurant with awesome chips and salsa?’” 

Natural language search is also critically important to voice search. Some enterprises like 
Expedia have already enabled their website search with natural language capabilities.  

Tractica forecasts that the annual revenue for search engine queries in consumer markets 
will increase from $128.62 million worldwide in 2016 to $683.88 million in 2025. 

Table 3.17 Search Engine Queries in Consumer, World Markets: 2016-2025 

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

128.62  
 

141.72  
 

161.36  
 

190.76  
 

233.94  
 

294.74  
 

375.04  
 

472.34  
 

578.87  
 

683.88  20.4% 
(Source: Tractica) 

3.19 SMART OVEN CONTROL WITH FOOD RECOGNITION  
As sensors, connectivity, and networked services have begun to pervade consumer 
electronics and appliances, these connected devices have begun to penetrate smart home 
environments. From lightbulbs and thermostats to coffee-makers, ovens, TVs, and security 
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systems, consumers are connecting their home infrastructure to web-based services to 
improve security, efficiency, and control. 

AI is beginning to support these applications across a range of products and use cases, most 
of which remain in the early stages due to slow adoption, privacy concerns, and device 
limitations. ML, DL, NLP, CV, and other techniques will power new capabilities and, 
eventually, new business models in the smart home. 

Ovens equipped with food recognition technology are one example of the intersection 
between AI and connected devices in the smart home. These ovens use image recognition 
to identify the content inside and adjust themselves accordingly by, for example, decreasing 
the heat or notifying the user. The June Oven is an example of such a device. Using built-in 
cameras with CV and image recognition, the oven recognizes the item when placed inside 
and suggests the best way(s) to cook it. AI powers intelligent recognition that learns with 
every meal: for meat, the oven offers different options to target raw, medium, etc.; for bagels, 
it can tell when they are upside down or right-side up. In addition, a built-in digital scale, 
precision time, and temperature sensors allow users to monitor the cooking process right 
from their apps. 

Figure 3.4 June Oven Uses Image Recognition to Identify, Automate, and Optimize Cooking  

 
(Source: June Life) 

While novel, these sorts of AI applications are promising to manufacturers, as they could 
potentially help enable new business models: integrating with online recipe services, other 
devices, or grocery retailers, even fitness plans.  

Tractica forecasts that the annual revenue for smart oven control with food recognition in 
consumer markets will increase from $0.02 million worldwide in 2016 to $6.13 million in 2025. 

Table 3.18 Smart Oven Control with Food Recognition in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 
($ Millions)  0.02   0.14   0.34   0.65   1.11   1.78   2.68   3.76   4.96   6.13  88.0% 

(Source: Tractica) 
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3.20 SOCIAL MEDIA FEED CURATION  
The rise of social media and online communities wherein anyone can contribute and share 
content and ideas has been a revolutionary force around the world. Billions of connections 
sharing trillions of pieces of content about everything from politics to puppies have 
transformed the mode and mix of consumers’ media consumption diets. Today, Facebook’s 
News Feed is seen by more than a billion users, offering more than a billion personalized 
prioritizations for what news we read, whose updates we see, what events we learn about, 
and all manner of observations about the world around us.  

Keeping users on social media platforms (instead of clicking away) is the foremost objective 
for social media platforms. To do this, social media giants like Facebook, Twitter, and Baidu 
use real-time interactions and Big Data to constantly analyze, model, and predict what 
content will incentivize users to stay. Recommendation algorithms analyze every single 
individual user’s interactions (e.g., engagement with content, other users, scrolling, 
responses, click-thrus, etc.) in order to serve up new content designed to predict what the 
user will like best. Curation algorithms are the most strategic lever for social media platforms 
and content publishers. This algorithm is designed to deliver precisely the optimal content 
for each individual user at precisely the right moment. This creates a feedback mechanism 
that can then be used to optimize the user’s interaction with the site, increasing the user’s 
engagement, while simultaneously maximizing the effectiveness of advertising on the site. 

To support social media feed curation, Facebook uses DL, NLP, and image/object 
recognition. Some examples include: 

• Analyzing troves of posts and comments to understand semantic language and text 

• Translating content across more than 100 languages to erode language barriers in 
sharing and connections 

• Recognizing faces (e.g., friends, family, celebrities, influencers, etc.) 

• Identifying objects to supplement context (e.g., typical objects and images 
associated with wedding, baby shower, funeral, party, or other social gatherings)  

• Mining past photos (uploads and interactions)  

While enticing and well-targeted social media feed curation is what makes social media so 
sticky, it raises a number of unprecedented cultural and ethical questions that remain 
unanswered. In some cases, the inherent “categorizing” effect of curation means that content 
delivered is prioritized over content not delivered. While this seems obvious enough, it raises 
questions around who or what is designing, controlling, or paying for this prioritization. Do 
such strategies advertently or inadvertently manipulate users into reading, thinking, feeling, 
sharing, or purchasing? Researchers point to numerous examples of how content can be 
used to alter a user’s emotional state, which, in turn, algorithms could exploit to drive 
engagement or purchases with a particular product or cause. 

Then there are the cases in which content itself presents major conflicts of interest in 
advertising business models. A research team from Oxford University cites the rapid 
emergence of “fake news” during the 2016 U.S. presidential election. During the campaign, 
companies aiming to increase advertising revenue found that targeted fake news stories 
were effective as clickbait; through trial and error, they found that for certain users, these 
faux articles and headlines generated more clicks than verifiable stories. This creates a cycle 
in which users read (fake) stories, advertisers get more clicks, revenue goes up for 
advertisers and social media platforms; as a result, fake news stories and their false 
narratives are proliferated. This represents a dangerous impact for users, not just in believing 
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falsehoods, but in undermining faith in critical democratic institutions and trust itself. As DL, 
in particular, continues to drive social media feed curation, the issue of opacity and poor 
algorithmic transparency may exacerbate the problem. The question of accountability 
remains a complicated and poorly understood challenge for technology platforms, 
advertisers, industry, government, and regulators. 

Tractica forecasts that the annual revenue for social media feed curation in consumer 
markets will increase from $51.81 million worldwide in 2016 to $525.06 million in 2025. 

Table 3.19 Social Media Feed Curation in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

51.81  
 

62.04  
 

77.96  
 

102.39  
 

138.82  
 

190.62  
 

259.43  
 

343.07  
 

434.75  
 

525.06  29.3% 
(Source: Tractica) 

3.21 STATIC IMAGE RECOGNITION, CLASSIFICATION, AND TAGGING  
The primary purpose for consumer-oriented applications for image recognition and 
classification is to help users automatically segment, tag, and store images for better data 
mining and retrieval, either stored on-device or in the cloud. Image recognition, often 
alongside NLP, ML, or DL, helps power a range of capabilities for consumer image 
applications, such as find and search, auto-organize, recommend, social or keyword tag 
suggestions, and design options.  

Photo upload sites like Google Photos, Apple Photos, and Flickr all use AI image recognition 
and tagging techniques to automate photo classification and tagging. Facebook and 
Snapchat recognize individual faces. Many of these platforms also power search capabilities 
as well, wherein a user can search their, others’, or public photos by keyword, such as “cats” 
or “Christmas”. 

Other novel consumer uses for image tagging include reading photo descriptions aloud for 
blind people, an approach that was pioneered by Facebook. Google is now able to 
automatically produce captions for images, predictive search rendering by device type, and 
even use algorithms to detect spam and prevent redirects. 

Tractica forecasts that the annual revenue for static image recognition, classification, and 
tagging in consumer markets will increase from $42.09 million worldwide in 2016 to $901.26 
million in 2025. 

Table 3.20 Static Image Recognition, Classification, and Tagging in Consumer, World Markets: 
2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

42.09  
 

59.82  
 

87.98  
 

131.77  
 

197.57  
 

291.61  
 

416.87  
 

569.35  
 

736.56  
 

901.26  40.6% 
(Source: Tractica) 

3.22 TEXT-BASED AUTOMATED BOTS  
Just as the web created fertile ground for websites and mobile devices laid the foundation 
for mobile apps, consumer-facing software platforms are becoming the foundation for text-
based automated bots. Tractica defines these as bots that are designed specifically for 
messenger or communications platforms, such as Facebook Messenger, Telegram, SMS, 
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Twitter, Viber, WhatsApp, Skype, Slack, etc. (not WeChat/Weixin, which limits chatbots to 
customer service chatbots for brands). 

Text-based automated bots are generally defined more from a consumer perspective and 
less by specific brands. Often, such bots are more brand-agnostic, such as using WhatsApp 
to search for a local plumber or book a table at a nearby restaurant. Unlike brand-generated 
chatbots, these bots are multi-purpose and vary in ability to drive conversions or purchases. 
Many text-based automated bots are more utilitarian in nature, for example: 

• Do-Not-Pay: A “lawyer chatbot” that has helped users appeal 250,000 parking tickets 
and successfully contest more than 160,000 by using AI to assess whether an appeal 
is possible given the conditions in which the ticket was administered.  

• Better: A service using both bots and human agents to detect errors and help 
manage and reduce costs of out-of-network medical bills. 

• Operator: A “request network” that uses bots to route requests to a network of human 
“concierges” who can execute any shopping-related request (e.g., order concert 
tickets, get gift ideas, or furniture recommendations). 

Entertainment-focused chatbots on popular platforms like Facebook Messenger, Skype, 
Viber, Twitter, Telegram, and Kik have gotten off to a rocky start, but Tractica believes 
entertainment chatbots will eventually find traction with consumers.  

Chatbot community/website BotList is a resource for cross-platform chatbot search and 
discovery. According to VentureBeat, the five most popular chatbots on BotList the week of 
June 19, 2017 were Beam, a bot that allows Discord to automatically sync Beam subscribers 
to a role (essentially massively multiplayer online (MMO) game communications); Magic 8, 
a magic 8 ball Q&A simulator; Nonstop Chuck Norris, which enables users to chat with 
Nonstop Chuck, create Chuck Norris memes, etc.; AeroBot, another Discord bot that can 
help expand the functionality of game servers; and Diply, a website to “find the funniest, 
craftiest, nerdiest, most inspiring content the internet has to offer.” 

Tractica forecasts that the annual revenue for text-based automated bots in consumer 
markets will increase from $1.49 million worldwide in 2016 to $505.26 million in 2025. 

Table 3.21 Text-Based Automated Bots in Consumer, World Markets: 2016-2025 

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions)  1.49  
 

11.52  
 

27.70  
 

53.12  
 

91.56  
 

146.69  
 

220.28  
 

309.97  
 

408.37  
 

505.26  91.0% 
(Source: Tractica) 

3.23 TRAVEL CONCIERGE AND BOOKING SERVICE  
For many years, consumers relied on travel agencies and booking companies to assist in 
their travel searches, recommendations, and reservations. The rise of the web, aggregation 
services like Travelocity or Kayak, and social media have all but entirely disrupted traditional 
travel agencies. Instead of relying on a local broker, finding and booking travel is as simple 
as using a search engine or e-commerce site. The process is still rife with inefficiency; the 
average travel planner visits some 38 pages before making a booking, according to Expedia.  

AI and ML are taking the digitization of travel booking to the next level. Many companies 
working in this space are developing bots to streamline every part of travel—not just 
accommodations or activities at the destination, but seat selections for flight, legroom, 
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layovers, post-booking changes, loyalty program points, and countless other parameters. 
Companies are beginning to use the vast amounts of travel data (e.g., seasonal trends, 
reservation data, pricing data, ratings and review data, social media data, and demographic 
data, among others) to mine for patterns and correlations across this data in order to serve 
up more accurate and better-timed recommendations. Images, recommendations, travel 
reviews, and even page layouts are personalized depending on customer data and inquiry. 
These applications are almost always designed to drive speedier and higher-value 
conversion. 

The ex-founder of travel giant Kayak recently developed Lola, an AI-enabled travel agent 
designed not to replace, but to enhance human travel agents. The app combines chatbot 
functionality with DL and a team of (human) travel specialists for a “concierge-like, tech-first 
online travel booking experience.” The idea, says founder Paul English, is “to create super-
human travel consultants who are AI-powered and can handle more trips per hour than 
regular travel agent can.” The longer-term vision for the company involves selling Lola’s 
front-end technology to other travel agencies, travel management companies, and global 
distribution systems. 

IBM Watson has emerged as a leading partner for travel apps and is powering AI-based 
travel agents for travel booking for a variety of AI-enabled travel apps including Wayblazer, 
Hilton’s robotic guest assistant Connie, and Baarb app. Baarb is an app that develops 
individual profiles for each travel shopper, including psychographic, behavioral, and social 
data from across the web. Online travel review site TripAdvisor is currently using a software 
called Flyr, which mines pricing data as users search, then allows them to “lock-in” pricing 
between two and seven days prior to booking. Kayak, Hipmunk, Expedia, and Skyscanner 
have also recently rolled out chatbots designed to simulate dialog with a human travel agent 
experience and help customers book more rapidly. Other companies developing similar 
virtual travel agent tools include Tripfinity, HelloGbye, John Paul, Boxever, and Pana.  

Tractica forecasts that the annual revenue for travel concierge and booking services in 
consumer markets will increase from $2.47 million worldwide in 2017 to $124.3 million in 
2025. 

Table 3.22 Travel Concierge and Booking Services in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions)  -   2.47   6.46  
 

12.72  
 

22.21   35.81   53.97   76.10  
 

100.39  
 

124.30  N/A 
(Source: Tractica) 

3.24 VOICE/SPEECH RECOGNITION  
Until recently, voice and speech recognition were hardly a viable mode of interaction with 
computers, not to mention meaningful dialog to which core product or service functionality 
would be ascribed. In the early days of speech recognition, systems struggled to simply 
understand “yes” or “no”. Systems then progressed to learn digits, and then to hundreds of 
words. That took 15 years to happen. Within the last few years, NLU and DL helped boost 
basic interactive voice recognition (IVR) to become a truly reliable mode of user interaction: 
conversational user interfaces. 

Today, voice control represents a rapidly growing trend, as it vies to become the primary 
user interface in connected consumer environments (e.g., smart home, connected car, 
mobile health, etc.) In 2017, some 44% of U.S. broadband households are using voice 
controls on internet-connected devices, according to Parks and Associates.  
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With the advent of voice and speech recognition, AI offers consumers new capabilities in 
new (hands-free) environments, and potentially new market share (e.g., elderly, kids, blind, 
disabled, etc.) While speech recognition enables computers to understand what someone 
says, NLP added to speech recognition enables computers to understand what someone 
means. Development in DL in both of these areas is pushing models to learn highly nuanced 
features of speech, such as dialect, slang, native versus non-native, tone, and emotion. 

Voice recognition opens up a host of new capabilities that were previously only possible 
through text or touch input: 

• Dialog with devices, machines, or environments 

• Search queries 

• Identity authentication (security, purchase, medical, etc.) 

• Commands to instigate or select services, or other users to act 

• Commands to control devices or state changes 

Tractica’s Speech and Voice Recognition report offers a deeper analysis of use cases. 

Software-powered VDAs, also known as voice-based personal assistants in the consumer 
space include Amazon’s Alexa, Apple’s Siri, Microsoft Cortana, Google Assistant, and Baidu 
Doer. These are primary examples of the sophisticated intersection of speech recognition 
and NLP. Software development kits (SDKs) and APIs for both Alexa and Siri are enabling 
third-party developers, and in the case of Amazon, third-party devices, to integrate into a 
wide range of consumer-focused use cases, essentially bringing the conversational user 
interface into play. This introduces a new kind of “stickiness” to consumer engagement; 
Amazon Echo owners spend, on average, 10% more dollars with Amazon, and more time 
engaging, according to a recent Accenture study. 

Voice and speech recognition is also rapidly beginning to pervade connected devices, 
particularly in the smart home, such as speakers, TVs, thermostats, locks, garage door 
openers, and even mirrors. Startup Duo is developing a 27-inch mirror with a full HD 
touchscreen and a voice-interactive AI named Albert. Albert acts as a sort of personal butler, 
and through its own app store, will integrate with various products and services. 

Robots are another segment in which voice recognition sees growing adoption. Cleaning 
robots, such as LG’s Roboking robotic vacuum cleaners, use voice recognition for simple 
commands. Social robots and kids’ robots, such as Buddy, Rokid, Kuri, and Jibo, use 
voice recognition to converse with users: responding to requests, reading stories to kids, 
delivering recipes, etc. Finally, elderly care robots, such as Sota or Pillo, use voice 
recognition to enable simple interaction with seniors or disabled persons for actions like 
medication reminders, video or audio conferencing, or other tasks. 

Tractica believes the most prevalent use cases for the conversational user interface are 
within the connected home, within the connected car, within the smart city/smart building 
applications, chatbots for mobile e-commerce, chatbots for customer service and brand 
interaction, and voice search. 

  

https://www.tractica.com/research/voice-and-speech-recognition/
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Tractica forecasts that the annual revenue for voice/speech recognition in consumer markets 
will increase from $18.49 million worldwide in 2016 to $871.97 million in 2025. 

Table 3.23 Voice/Speech Recognition in Consumer, World Markets: 2016-2025  

Units 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
CAGR 

(2016-2025) 

($ Millions) 
 

18.49  
 

41.50  
 

76.56  
 

128.83  
 

204.00  
 

306.47  
 

436.03  
 

584.59  
 

736.09  
 

871.97  53.4% 
(Source: Tractica) 

3.25 OTHER INDUSTRY IMPACTS ON CONSUMERS  
The use cases discussed above are those Tractica has identified as direct consumer-
interfacing applications consumed by general consumers and driven largely by internet 
companies and consumer technology suppliers. As mentioned in Section 1.3, Tractica’s 
forecast differentiates consumer AI (Tier I) from other industries which may have consumer-
facing AI-enabled applications (Tier II). This is because our forecast is developed by 
analyzing specific use cases and which market constituents are developing and investing in 
those use cases. The following are examples of Tier II consumer AI applications, which 
Tractica has identified but detailed in other reports.  

Advertising 

• Voice/speech recognition 

Automotive 

• Automated on-road customer service 

• Gesture recognition 

• Personalized services in cars 

Business 

• Chatbot-based brand/service interactions 

• Chatbot-based e-commerce and sales 

Education 

• Personalized tutoring and adaptive services 

• Automated CliffsNotes, study notes, quiz generators 

• Foreign language tutoring 

• Spoken fluency evaluations 

• Textual question answering 

Financial 

• Biometric identification 

• Personal financial advisor  

• Tax filing and processing 
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Gaming 

• Dynamic and interactive video game experiences 

Government 

• Social media bots  

Healthcare 

• Virtual assistants for patients 

Media & Entertainment 

• Algorithmic news stories 

• Gesture recognition 

• News and feed curation for consumers 

• Social media publishing and management 
Retail 

• Clothes sizing and fitting 

• Visual search-based e-commerce 
Sports  

• Athlete fitness, sleep monitoring, and performance optimization 

• Game outcome prediction for betting 

• Sports statistics analysis and search 

Taken in sum, these use cases will slowly define how consumers come to expect or rely on 
AI, even if they may not be able to identify its use. How bots and robots empower or constrain 
consumers across areas like healthcare, automotive, retail, and financial will pave 
fundamentally different mental and emotional maps (and therefore, consumer behavior) than 
AI in lower-stakes environments like social robotics, movie recommendations, or smart home 
devices.  

 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

60 
 
 

SECTION 4 
TECHNOLOGY ISSUES 

4.1 DEFINITION OF ARTIFICIAL INTELLIGENCE 
Tractica defines AI as an information system that is inspired by a biological system designed 
to give computers the human-like abilities of hearing, seeing, speaking, reasoning, planning, 
problem-solving, and learning. Applications using AI most often support machine capabilities 
involving vision, language, and Big Data analysis. Powering these capabilities is a growing 
range of technologies, such as ML, DL, CV, NLP, machine reasoning, and strong AI, all of 
which fall under the AI umbrella. 

4.2 TECHNOLOGY SUBSETS  
Under the umbrella of AI, one finds a variety of approaches to simulate cognitive functions. 
The following include those that are considered in this report, due to their use development 
in consumer-facing applications. 

• ML is a type of AI that involves using computerized mathematical algorithms that 
can learn from data and can depart from strictly following rule-based, pre-
programmed logic. ML algorithms build a probabilistic model and then use it to make 
assumptions and predictions about similar sets of data. 

• DL is a form of ML that uses the model of human neural nets to make its predictions 
about new data sets. Tractica believes this is currently the most promising of all AI 
technologies and is advancing other branches of the science, including cognitive 
computing, image recognition, and NLP. 

• NLP enables computers to understand human language as it is spoken and written 
and to produce human-like speech and writing. Machine translation of one human 
language into another language is also a form of NLP. 

• CV attempts to identify images of objects that can be seen. It can also include 
attempts to use the same technology to identify patterns in data, such as 
seismographic readings, that humans cannot see. 

• Machine reasoning attempts to simulate human thought processes by using a 
computerized model of language to acquire knowledge and then make decisions. 
Instead of being programmable in the traditional sense, expert systems are designed 
to build the model’s own understanding of the world based on the relationships 
between words and concepts. 

• Strong AI attempts to simulate general human thought processes by using a 
computerized model of concepts to organize knowledge and then act on it. Instead 
of being programmable in the traditional sense, strong AI seeks to make sense of 
the world by relying on human language’s inherent model of reality buttressed by 
the discipline of logic. Tractica also defines strong AI as the merging of different 
forms of other kinds of AI. 
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4.2.1 CONSUMER VERSUS ENTERPRISE ARTIFICIAL INTELLIGENCE  
Tractica defines consumer AI by markets that use AI for direct interface and interaction with 
consumers. Although most revenue generated by consumer-facing AI is indirect today, 
Tractica expects a slow shift toward more direct revenue as AI and virtual agents start to 
differentiate consumer products and services. In order to account for investment patterns 
(who ultimately is spending money for the service?) and target customer (who ultimately is 
using the service?), Tractica distinguishes between two tiers or segments in our analysis 
and measurement of the market.  

• Tier I: AI in the Consumer Market: This includes all consumer-facing products and 
services powered and offered by internet companies. Examples include web, 
mobile, IoT devices, wearables, robots, and other hardware and software data-
driven services consumed directly from technology suppliers like Google, Facebook, 
Twitter, Microsoft, Baidu, Tencent, Amazon, and numerous other tech companies. 

• Tier II: AI across B2C Markets: This includes the variety of consumer-facing and 
interfacing products and services offered by organizations in automotive, education, 
fashion, gaming, government, financial services, healthcare, media, retail, sports, 
etc. Examples include everything from gesture recognition in cars, to foreign 
language tutoring, to virtual assistants for patients, and beyond. 

These classifications are consistent with and reflected in Tractica’s ongoing modeling and 
forecasting of the AI market, Artificial Intelligence Market Forecasts, including consumer AI 
revenue by technology subsets, found in Section 6.2. 

4.2.2 ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING TECHNIQUES  
In any AI application, machines are programmed to extract relevant patterns from data and 
adjust program actions accordingly, derive predictions, and/or make recommendations. AI 
systems are generally based on one or more types of systems or techniques for structuring 
and making sense of data that feeds into the algorithms. As such, the technology enablers 
in consumer and enterprise markets are largely overlapping. In ML, the ability to learn is 
typically driven by one or a combination of three types of learning.  

• Reinforcement Learning: Inspired by behavioral psychology, reinforcement 
learning is the problem of getting an agent to act in the world so as to determine its 
ideal behavior within a specific context, in order to maximize its performance and 
reward feedback. It is never presented correct input/output pairs, and might be best 
thought of us as a machine version of trial and error. At every moment, the agent 
receives input (an observation), typically the same time it receives the reward or 
punishment, and it then chooses an action from the set of available actions, which 
are deployed in the environment. The environment moves to a new state, and the 
reward or punishment associated with that transition is determined. Reinforcement 
learning is connected to applications requiring decision-making, wherein the product 
is prescriptive, not just descriptive, as in unsupervised learning). 

• Supervised Learning: This occurs when data samples introduced to the system are 
tagged or labeled, i.e., specific data are coupled with specific outputs. The output 
variables are known and often are linear; there is often a one-to-one ratio between 
inputs and outputs and, once the algorithm is trained, it can be presented with new 
data, make predictions based on that data (outputs), and adjust its outputs to new 
inputs. The goal is for the system to learn general rules that map inputs with outputs. 
Supervised learning methods include a range of techniques, such as decision trees, 

https://www.tractica.com/research/artificial-intelligence-market-forecasts/
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support vector machines, cross-validation, inductive logic programming, and artificial 
neural networks. 

• Unsupervised Learning: Unsupervised learning technologies are those in which the 
outcomes are not pre-determined, and are generated by the data itself. This occurs 
when untagged/disassociated data samples are fed to the system. Instead, the 
machine has to figure out how to structure the input itself based on statistical 
relationships of data. In this construct, there is no objective evaluation of the output 
structure; rather, clustering techniques, anomaly detection, and other methods 
identify both positive and negative deviations from “the norm.” Unsupervised 
algorithms can draw inferences about new data based on inferences drawn from 
training data. Unsupervised learning methods include algorithmic clustering, genetic 
algorithms, and is used in DL. 

4.3 TECHNICAL ENABLERS 
Tractica research identifies a number of distinctions between consumer and 
enterprise/industrial AI that impact market development, outlined in Section 1.3. The 
technical enablers and barriers are largely overlapping. AI systems, however powerful, are 
still somewhat limited in their ability to mimic human brains, in terms of processing speed, 
power, and logical connections. 

4.3.1 SMART INTERACTION 
AI is increasingly used to enable smart interaction. In consumer settings, this often takes the 
form of things like Amazon’s Alexa service or Apple’s Siri. But this type of interaction is likely 
to become commonplace across all consumer contexts—the home, the retail environment, 
and the automobile, as systems begin to use AI to facilitate human-car interaction. 

Using a variety of techniques, such as NLP and DL, these systems will be able to understand 
and react to commands issued by humans. The goal is to create a system for issuing 
instructions that not only can be offered in natural language, but can also distinguish between 
multiple speakers, identify when the system is being commanded (without using a key word 
to initiate conversation), and follow multiple conversation streams to provide relevant results. 
AI engines are required to manage these complex tasks, which involve not only properly 
hearing commands, but identifying and understanding the context. If a system cannot 
process multiple conversation threads, or gets confused when multiple speakers are issuing 
commands related to the same topic, the system likely will not be used, as humans generally 
lose patience with voice-activated systems that do not respond like a human would. 

All of this processing requires extremely complex algorithms and significant processing 
power. While a failure of these systems generally is not catastrophic in the way that a failure 
of AI used to help control autonomous vehicles might be, suppliers are unlikely to release 
systems that do not function seamlessly, lest they create a poor first impression of a 
technology’s capabilities. 

4.3.2 NATURAL LANGUAGE PROCESSING 
The voice is a strong player in enabling person-to-device communications, and NLP is a key 
enabler of smart interaction. In order for this to function properly, people must be able to 
speak in a natural voice and with natural phrasing when giving commands. Similarly, humans 
do not always follow a linear train of thought when speaking. The system must be able to 
accurately infer when a particular phrase is related to another and be able to interpret that 
thread of conversation accurately. In addition, the system must be able to ascertain when a 
command is not being given to the system and should be ignored. 
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NLP requires a series of steps to be completed in order to make sure unstructured words or 
phrases are processed properly. Perhaps the biggest challenge facing AI developers is that 
people generally speak differently from one another, in terms of accent, tone, and sentence 
construction style, and they often formulate their thoughts differently. Natural language 
processors in consumer markets must be able to handle these varied voices and speech 
patterns. 

4.3.3 BIOMETRICS  
Biometrics, which include the use of identity features, such as fingerprint, iris, voice, and 
gesture recognition, can also aid in enabling smart interaction. Matching individuals to their 
profiles, such as voice patterns and timbres, may make it easier and more efficient to support 
NLP. A profile can be generated over time so that the system can “learn” each person’s voice 
patterns and common phrases, thereby giving the system even more data with which to 
work, while freeing up processing resources to focus on the tasks at hand. 

4.3.4 PERSONALIZATION 
Similarly, by enabling personalization features (perhaps via a biometric), AI systems can be 
more responsive, and can serve up the most relevant content to provide rich interaction. For 
example, an AI system could learn the traits of each person in a family, in terms of how they 
speak, the typical topics and areas of interest they hold, and how they generally interact with 
the system. Using a form of tagging and clustering, the system can then improve its accuracy 
by limiting its responses and output to the general parameters of each user, because it will 
already have a general framework of the types of commands and responses generally used 
by each person. 

4.4 TECHNICAL BARRIERS 

4.4.1 PROCESSING POWER 
A key challenge faced by AI developers is harnessing enough processing power to 
adequately run increasingly complex algorithms, many of which incorporate a vast array of 
sensor inputs. This is a paramount hurdle in industries like automotive or energy, yet less so 
in consumer markets as most consumer AI applications today are not a matter of life or death 
or millions of dollars lost to downtime.  

In the consumer space, constraints associated with bandwidth and processing power are 
more CX -related than mission critical. In an autonomous car, for example, even the most 
miniscule failure rate can be catastrophic; this is not the case when it comes to music 
recommendations or predictive typing assistants. Some consumer AI applications, such as 
social media feed curation or personalized health and wellness improvement, can have 
greater consequences, but still pale in comparison to more mission-critical applications from 
the standpoint of processing power. 

Nonetheless, as the broader AI industry drives heavy development in autonomous machines 
and Big Data analysis, consumers may demand autonomous functionality in other realms 
and across other devices. This may shift architectural decisions toward high(er) onboard 
processing power, while also featuring relatively modest power profiles. 

4.4.2 PRIVACY AND DATA SECURITY  
Like other technologies, AI has a multi-faceted role when it comes to privacy and 
surveillance. While technologists and advocates for data privacy warn of AI’s ability to 
analyze, “remember,” and make decisions based on many dimensions of highly intimate 
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details about an individual—for which explainability of those decision can be opaque— the 
same technology, which may exploit in one instance, could safeguard in another. One such 
example can be found in emerging device-level processing which uses ML to support data 
processing at the edge instead of in the cloud. 

Some device manufacturers and AI platforms are developing technology, which 
simultaneously makes use of personal data without sending that data outside of the device. 
“This could support more sophisticated and sensitive personalization,” says Babak Hodjat, 
co-founder and CEO of Sentient. “If you can locally, temporally, and securely store what 
you’ve learn about user preference at the point of interaction, at the point of need, why 
wouldn’t you? Why do we have to go through convoluted process of taking data, sending to 
centralized location, doing feature extraction, clustering on that, and then sending back?”  

To the extent privacy is a function of information security, a number of new capabilities arise 
as cybersecurity companies leverage AI to mine data, systems, networks, devices, etc. for 
suspicious activity, signatures, users, etc. Companies like Deep Instinct, Cylance, 
DarkTrace, IBM Watson, and others are developing cybersecurity solutions that “mimic” the 
human immune system in response to security threats, and are beginning to predict new 
types of security threats and take preemptive action. 

4.4.3 SPEED AND LATENCY 
Another major challenge for AI is in speed and latency. While modern processors are 
designed to quickly process incoming data streams, any system latency can be a liability, 
particularly as systems grow even more complex, with vehicle-to-vehicle (V2V_ and vehicle-
to-grid (V2G) technologies beginning to be deployed. 

While a second or two delay seems small, a delayed decision could negatively impact a 
system’s reaction time. Under certain circumstances, this could cause an issue with an 
automated system, or more likely trick the driver of a vehicle with advanced driver assistance 
system (ADAS) technology into thinking the system is not working properly, causing the 
driver to overcompensate, which could cause an adverse situation, such as an accident. 

4.4.4 RELIABILITY 
Reliability is another key concern for AI developers. Again, reliability in consumer AI 
applications is less mission critical than in areas like healthcare or automotive, although 
these industries no doubt influence consumers’ opinions about AI technology. Should a 
system fail, the results could range from being merely annoying (if a system simply 
recognized a failure and shut down) to being downright catastrophic (if a system “froze” and 
was unable to either kick on a redundant system or alert the head unit or the driver that there 
was a problem). 

Another way to think of reliability in terms of AI is ensuring that a system that is learning 
consistently may not react in quite the same way over time, as more data feeds into the 
system. In some ways, this is a positive development, in that hopefully the system is able to 
learn from its “mistakes.” However, as more data is fed into the systems, there is the 
likelihood that learned behavior will influence and change the way the system responds over 
time. As a result, a device, machine, or service may not perform exactly the same way in a 
particular scenario, based on previous actions, which may introduce issues of 
unpredictability with AI-driven products and services. 
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4.4.5 HUMAN SUPERVISION  
Despite the many ways machines will augment or automate human work, the role of humans 
in AI development and deployment (as well as ongoing maintenance) is extensive. During 
the implementation process, significant labor hours are required for data cleansing, 
grooming, scrubbing, and processing. Across the board, enterprises agree that continuously 
training and deploying updated models is one of the greatest challenges. The goal of the 
training for an AI system is to define parameters for functions that enable the network to 
identify and recognize patterns and assign value. Selecting existing frameworks (instead of 
building one from scratch) can save tremendous amounts of time and money, particularly for 
DL. Although DL can function in certain unsupervised settings, humans are essential for the 
initial “phase zero” of deployment: ensuring the highest quality and highest integrity (and low 
bias) data as possible. 

4.4.6 TO BUILD OR TO BUY?  
AI requires three essential ingredients: lots of data, algorithms, and compute/processing 
power. Of the three, data is growing as the most common business asset, yet the least likely 
to be fully commoditized. The question becomes how can a business find creative ways to 
share the utility of its data and monetize that through new business models? Algorithms are 
ubiquitous, but can contain incredibly lucrative intellectual property (IP), which could help 
justify in-house development costs. That said, owning algorithms is not necessarily the value; 
the value is using algorithms to deliver superior experiences or predictions. Access to 
compute power has undergone tremendous “democratization” as cloud computing’s costs 
and rental options have flattened barriers to entry. Certain applications will require specialty 
hardware or custom chips, and certain businesses prefer greater control and potential 
security benefits to building their own [cloud] infrastructure. 

The degree to which any single company is strong in any one of these areas can inform 
when and where companies should elect to develop internally or leverage a third party-as-
a-service offering. While technological capabilities and budgets are essential, internal 
readiness should also be assessed in terms of talent and operational execution abilities.  
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SECTION 5 
KEY INDUSTRY PLAYERS 

Following is a summary of key industry players representing some of the most significant 
movements, investments, pilot projects, and incumbents in the consumer AI market today. 
A table of additional players follows these profiles. 

5.1 ALPHABET/GOOGLE  
Year Founded:   1998 
Annual Revenue:  $90.27 billion (2016) 
Ownership:   Public (GOOGL) 
Headquarters:   Mountain View, California, USA 
CEO:    Sundar Pichai 
Number of Employees:  72,053 (2016) 
 
Company Profile: 
Founded in 1998 by two Stanford PhD students, Larry Page and Sergey Brin, Google is now 
a multinational technology corporation specializing in internet-related services and products, 
including online advertising technologies, search, cloud computing, software, and hardware. 
In 2015, Alphabet Inc. was created as the parent company of Google and several other 
companies. The company’s stated mission is “to organize the world’s information and make 
it universally accessible and useful.” Google is using AI, and particularly DL, to work toward 
this mission. The company is an industry leader in AI and DL, with cutting-edge technologies 
rolling out on a frequent basis and numerous ubiquitous consumer apps. The company has 
led the AI industry by open sourcing these technologies, leading in narrow AI, while 
developing for strong AI, and offering both cloud-based and chip offerings. 

Google advancements and announcements in the AI space happen on a continual basis. 
Currently, DL is found in a multitude of Google products, such as Google Assistant, Google 
Translate, Google Maps, YouTube, Smart Reply (Gmail), and, of course, Search. Google 
Brain is also responsible for a visualization tool called DeepDream, which lets users see 
what neural networks are seeing when they perform DL. Its most recent announcement in 
the consumer space was Google Lens, which offers a sort of reverse image search engine 
for photos: users snap a shot of a restaurant, for example, and Google Lens offers the hours, 
menu, and link to reservation. 

AI is found throughout the organization, but the Google Brain team was set up specifically to 
explore neural networks. Team members set their own research agenda. Google’s own DL 
framework, TensorFlow, is an open-source framework that grew out of the Google Brain 
group. TensorFlow is used to train neural networks to detect and decipher patterns and 
correlations. Tensor processing units are Google’s proprietary chip supporting TensorFlow. 

DeepMind, acquired in 2014, greatly reinforced Google’s presence in the DL space. 
DeepMind, for the most part, is kept relatively separate from Google and works on items with 
longer research cycles than Google Brain. DeepMind Lab is a fully 3D game-like platform 
tailored for agent-based AI research. DeepMind Lab was used internally for quite some time, 
but is now open-sourced. DeepMind’s deep reinforcement learning project, AlphaGo, 
defeated the world’s Go champion, Lee Sedol, in March 2016. In December 2016, AlphaGo 
went up against online players and beat them. DeepMind has identified smartphone 
assistants, healthcare, and robotics as its ultimate targets. 
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In September 2016, the company announced Google Neural Machine Translation, which 
operates entirely through neural networks and, in October, DeepMind revealed a new 
system, known as a differential neural computer (DNC), which can independently learn from 
its own experiences. In November of the same year, the company announced it would give 
$4.5 million over the next 3 years for AI research at the Montreal Institute for Learning 
Algorithms and would open up a DL and AI research group at its offices in Montreal. AMD 
stated it would be supplying Google with new GPUs for cloud computing and ML, and in 
early 2017, the Google Cloud Platform will offer GPUs worldwide for the Google Compute 
Engine and Cloud Machine Learning users. Most recently, a team from Google Brain 
demonstrated that machines can learn how to protect their messages from others. 

Aside from DeepMind, Google’s acquisitions in this space include API.ai, Moodstocks, 
Timeful Jetpac, and Granata Decision Systems. Dark Blue Labs and Vision Factory were 
acquired in 2014. In May 2017, it was reported that Google launched a venture capital fund 
to focus exclusively on AI, and separate from Alphabet’s other ventures (GV and CapitalG). 
The same conference also announced a new initiative, Google.ai, which will serve as the 
center of Google’s AI efforts, including research, tools, and applied AI. Much of Google’s 
efforts encapsulate the longer-term goal of what CEO Sundar Pichai calls “AutoML” 
(autonomous machine learning), a future in which neural networks will create neutral 
networks on their own. 

5.2 AMAZON 
Year Founded:   1994 
Annual Revenue:  $135.99 billion (2016) 
Ownership:   Public (AMZN) 
Headquarters:   Seattle, Washington, USA 
CEO:    Jeffrey Bezos 
Number of Employees: 341,400 (2016) 

 
Company Profile: 
Founded in 1994, Amazon.com is an international e-commerce website for consumers, 
sellers, and content creators. The company is the largest e-tailer in the United States. 
Amazon Web Services (AWS) offers more than 70 services for computer, storage, 
databases, analytics, mobile, IoT, and enterprise applications. AWS has grown rapidly and 
dominates the cloud services market. 

Amazon AI’s stated philosophy is "high quality, best-in-class deep learning systems with 
deep functionality.” Amazon has long used DL to power its product recommendation system, 
as well as its Alexa assistant. Moving forward, it will also be used in image recognition, text-
to-speech, and natural language and speech recognition. An upcoming application of DL 
may be Amazon’s proposed Amazon GoStore, where customers will be able to walk in, pick 
up items they want to buy, and walk out. Amazon Go will use sensors, CV, and DL to track 
customers and automatically register which items get picked up. Amazon uses DL within its 
own services and it also offers access to its DL technologies through AWS. The company 
aims to make it easy for developers to run their own DL and ML workloads to build AI 
platforms on top of AWS. 

Amazon Machine Learning (AML) is a managed service for building ML models and 
generating predictions. It uses the same technology as Amazon’s internal algorithms. AML 
offers visual aids and analytics to assist in making models. Once the models are created, 
AML provides APIs to obtain predictions from them. In November 2016, MXNet was 
announced as the officially adopted DL framework, citing its horizontal scaling capabilities. 
The company released its own DL framework, DSSTNE (pronounced “destiny”), as open-
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source software in May 2016. The framework is for production only, not for general purpose, 
research, or testing, and is specialized for search and recommendation. DSSTNE is 
designed to work with sparser data sets than TensorFlow and other DL frameworks. 

In November 2016, Amazon launched three new AI services. Amazon Rekognition, which 
can perform image recognition, categorization, and facial analysis; Amazon Polly, a DL-
driven text-to-speech (TTS) service; and Amazon Lex, a natural language and speech 
recognition program. Rekognition was made possible through Amazon’s acquisition of DL 
startup Orbeus in April 2016. 

5.3 APPLE 
Year Founded:   1976 
Annual Revenue:  $215.64 billion (2016) 
Ownership:   Public (AAPL) 
Headquarters:   Cupertino, California, USA 
CEO:    Timothy Cook 
Number of Employees:  116,000 (2016) 
 
Company Profile: 
Founded in 1976 by Steve Jobs, Steve Wozniak, and Ronald Wayne, Apple Inc. is one of 
the largest technology companies in the world. Apple designs and sells a variety of consumer 
electronics and services, including computer software, PCs, online services, media players, 
smartphones, and wearable devices. Apple is an avid protector of customer privacy and, to 
date, has been doing most of its ML on devices, rather than in the cloud. Specific ways Apple 
is using DL include Siri, fraud detection, extending battery life between charges on devices, 
choosing news stories, recognizing faces and locations in photos, etc. 

The company has made a plethora of AI acquisitions over the past 2 years, deepening its 
commitment in this technology area, although relative to its competitors, many perceive 
Apple as a latecomer to the field of DL. Within the last 2 years, Apple has been ramping up 
efforts through acquisitions, AI executive hires, and signals toward a more open approach 
to sharing research findings. 

The most recent purchase was Turi. Turi lets developers build apps with ML and AI 
capabilities that automatically scale and tune. Other AI acquisitions include Tuplejump and 
Emotient in 2016, as well as Perceptio and VocalIQ in 2015. In October 2016, Apple hired 
its first director of AI research, Ruslan Salakhutdinov, an associate professor at Carnegie 
Mellon University in Pittsburgh. 

Apple has deployed a suite of Basic Neural Network Subroutines (BNNS) designed to make 
it easier to build AI applications for mobile and desktop devices. This API is a collection of 
functions to construct neural networks on a wide range of Apple OSes. Apple has also 
introduced a new photo application with DL used to help search for images, put group-
relevant photos into albums, and gather photos, videos, and locations into mini snapshots. 

Compared to its competitors, Apple has been (not uncharacteristically) tight lipped about its 
activities and foci in the AI and DL space. In December 2016, at an invite-only lunch, it 
revealed a number of areas of image processing, activity recognition, intelligent assisting 
and language modeling, health and vital signs analysis, and, most notably, volumetric 
detection of LIDAR and prediction with structured outputs—both key technological elements 
for autonomous driving. Another announcement made was Apple’s claim that it can build 
neural networks that are 4.5X smaller than the original neural network with no loss in 
accuracy and twice the speed. It does this by using a large, robust neural network to teach 
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the smaller “student” network decisions it would make. Such lightweight replication and 
efficiency is critical for Apple to continue leadership in mobile hardware. Maintaining such 
processes locally on the phone means data does not have to be encrypted and sent over 
wireless networks. It also announced that its algorithm efficiency running on GPUs was so 
strong, it could process twice as many photos per second as Google’s (3,000 compared to 
1,500, respectively). 

In October 2016, Tim Cook announced plans to open a new R&D base in Yokohoma, Japan. 
This will supplement its other R&D bases focused on AI. The CEO said the new Japanese 
R&D center would be for “deep engineering.” That same month, the company announced it 
will allow its AI teams to publish research papers for the first time, and the subsequent 
publication of its first public AI research paper entitled Learning from Simulated and 
Unsupervised Images through Adversarial Training. Pressed on its openness, Apple recently 
stated it would begin to publish its research more openly and work more collaboratively with 
the broader research community, although details were not provided. 

5.4 ARTIFICIAL SOLUTIONS  
Year Founded:   2001 
Ownership:   Private 
Headquarters:   Barcelona, Spain   
CEO:    Lawrence Flynn 
Number of Employees:  150 

 
Company Profile: 
Founded in 2001, Artificial Solutions is an AI platform provider specializing in natural 
language interaction, allowing people to converse with websites, chatbots, applications, and 
devices in a “human-like” manner. Headquartered in Barcelona, it also has development 
centers in Hamburg, London, Stockholm, and Mountain View, CA and have offices 
throughout Europe, Asia Pacific, and South America, and it supports hundreds of public and 
private sector companies. 

Artificial Solutions’ patented technology is typically deployed as web-based virtual assistants 
for customer service, sales, and mobile computing applications. It supports conversational 
natural language interaction (NLI) for apps and devices, automated self-service portals, and 
it offers Teneo, a rapid NLI development and analytics engine. Teneo integrated with 
numerous third-party apps and leverages NLU to surface insights across unstructured 
speech inputs and interaction trends. Teneo represents the companies’ efforts to capture 
market share by providing a platform that enables developers to build on, rather than rely 
solely on Artificial Solutions. The solution is available in 35 languages, and developers can 
rapidly build a single NLI support platform across multiple channels, personal assistants, 
wearables, chatbots, and IoT interfaces. 

In 2006, Artificial Solutions acquired Kiwilogic, an NLP analytics software. In 2008, the 
company received $6.5 million in venture funding, followed by another round of $9.4 million 
in Series C funding in 2013, both from Score Capital Advisory.  
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5.5 BAIDU 
Year Founded:   2000 
Annual Revenue:  $10.16 billion (2016) 
Ownership:   Public (BIDU) 
Headquarters:   Beijing, China    
CEO:    Robin Li 
Number of Employees:  43,500 (2016) 

 
Company Profile: 
Baidu was founded in 2000 and is the leading Chinese language internet search engine 
(Baidu.com). The company possesses about 80% of the search market in China, handling 6 
billion searches a day. Baidu is a leader in the AI and DL space and the company prides 
itself in having DL fully integrated into its company, and taking on a significant role in AI and 
DL research. Baidu’s DL technology is used in CV, image processing, NLP, etc. 

PaddlePaddle is Baidu’s DL framework, based primarily on C++ and open-sourced in August 
2016. PaddlePaddle is being used by more than 30 of its offline and online products and 
services, covering sectors from search to finance to health. It also helps work out how long 
food will take to reach customers in Baidu's takeout business. Baidu uses it for predicting 
click-through rates, classifying images, optical character recognition, ranking search results, 
and detecting computer viruses. 

AI work is done under Baidu Research, until recently with well-known AI evangelist and 
pioneer, Andrew Ng as its chief scientist. Research areas include image recognition, speech 
recognition, NLP, robotics, and Big Data. Baidu Research is composed of three interrelated 
teams: Big Data Lab, the Institute of Deep Learning (IDL), and Silicon Valley AI Lab. The 
IDL’s focus areas include image recognition, ML, robotics, human-computer interaction, 3D 
vision, and heterogeneous computing. Baidu Research’s DeepBench, is the first open-
source benchmarking tool for evaluating DL performance across different hardware 
platforms. DeepBench will help organizations of all sizes identify the optimal hardware 
platform for their DL applications. Melody, an AI-powered conversational bot, which 
incorporates DL and NLP to provide relevant information to doctors, was introduced in 
October 2016 and the company publicly released Chinese language APIs containing a DL 
speech synthesis tool in November 2016. 

The next frontier for Baidu’s DL application is in devices and robotics. In November 2016, 
China Unicom and Baidu agreed to partner on mobile internet, AI, and other areas amid 
plans for ownership reform of state-owned enterprises. In January 2017, Baidu released its 
AI OS DuerOS. Baidu is using DuerOS to power a home robot, Little Fish. 

5.6 CLARIFAI 
Year Founded:   2013 
Ownership:   Private 
Headquarters:   New York, New York, USA 
CEO:    Matthew Zeiler 
Number of Employees:  33 
 
Company Profile: 
Clarifai was founded in 2013 and is an image and video recognition technology provider, 
available as APIs, that lets computers “see.” The company was founded by Matthew Zeiler, 
who studied under Geoffrey Hinton, a noted expert in CNNs with the Machine Learning 
Group at the University of Toronto. 
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Clarifai uses both ML and DL for organizing photo collections, searching large untagged 
image collections, and targeting ads to images. The platform, which has been fully 
operational for 3 years, can now “automatically” understand video and image. It recently 
launched a custom training feature in which users can fully customize and train the platform 
to recommend anything they care about within a few seconds—a process that used to take 
weeks. Its technology is used in e-commerce, online communities, online advertising, stock 
photography, travel, real estate, weddings, medical imaging, healthcare, media and 
publishing, and digital asset management. Customers include Unilever, Trivago, Ponds, 
Curalate, 500px, Disqus, and BuzzFeed. 

Currently, users can sign up for free with limited API calls. Upon passing a threshold, paying 
users are then metered by use, with lower rates for higher scale. The company has also 
branched out to offer custom training, visual search services, and a photo storage app for 
iOS. Clarifai does not plan to make its software available for companies to run in on-premises 
data centers. 

Clarifai has raised $41.3 million in two rounds. The latest round was $30 million in 2016. This 
round will be used to grow all business and research functions. 
 

5.7 DECLARA 
Year Founded:   2012  
Annual Revenue:  $3.64 million  
Headquarters:   Palo Alto, California, USA 
CEO:    Ramona Pierson  
Number of Employees:  100 
 
Company Profile: 
Founded in 2012, Declara uses ML and NLP to personalize and enhance individual and 
organizational learning. The core of Declara’s technology is its CognitiveGraph platform, 
which analyzes and observes how users interact with data, which could include 
searches, tweets, posts, blogs, videos, likes, recommendations, messages, and web 
content. This analysis is used to create a personalized learning profile based on a user’s 
data, history, and interests. 

While Declara’s past focus has been on the education market, it also offers platforms for 
large corporations and government departments. In August 2016, Declara was selected as 
the platform for California’s educator collaboration network (Collaboration in Common), 
serving all 500,000 teachers, educators, and administrators in the state. There have also 
been national-level implementations with teachers across Australia and Mexico, and Declara 
was chosen as the platform for the Puerto Rico Department of Education. Declara has raised 
$31.1 million in funding in three rounds. The latest round was in 2014. 

5.8 DIGITALGENIUS 
Year Founded:   2013  
Ownership:   Private 
Headquarters:   London, United Kingdom/San Francisco, California, USA 
CEO:    Mikhail Naumov  
Number of Employees:  27  
 
Company Profile: 
DigitalGenius was founded in October 2013 and originally focused on being a chatbot 
company for brands. The company quickly realized the limitations for standard NLP and has 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

72 
 
 

since shifted to ML and DL. The company believes in using human intelligence and AI 
together, thus coming up with its Human+AI Customer Service Platform. The platform serves 
human agents to automate routine conversations and deliver faster and more targeted 
answers for customer inquiries. 
 
DigitalGenius leverages its relationships with enterprises to mine millions of historical 
customer service chat logs, which represent millions of appropriate responses to a wide 
range of customer queries. Using this data, DigitalGenius trains its NLP algorithms. In 2016, 
it launched its Human+AI Customer Service Application on the Salesforce AppExchange. 
The application was built on a Salesforce platform to work with Salesforce Service Cloud 
Lightning. 
 
The Human+AI Customer Service Platform is deployed on a SaaS basis within customer 
service departments and clients include airline, consumer packaged goods, automotive, 
insurance, and banking industries. Specific customers include KLM, Unilever, and L’Oréal. 
While historically focused on the customer service space, the company is hoping to move its 
technology into the sales/marketing/legal arenas. 
 
It is a member of Level39, a European accelerator. The company has raised $7.35 million in 
two rounds. The latest round was in April 2016 when the company secured $4.1 million. 

5.9 FACEBOOK 
Year Founded:   2004 
Annual Revenue:  $27.64 billion (2016) 
Ownership:   Public (FB) 
Headquarters:   Menlo Park, California, USA 
CEO:    Mark Zuckerberg 
Number of Employees:  17,048 (2016)  
 
Company Profile: 
Established in 2004 by a group of college students, Facebook is an online social networking 
platform where users can connect and share information with individuals worldwide. The 
company has 1.5 billion active users a month. Facebook has especially been applying DL in 
the areas of text analytics, facial recognition, spam filtering, newsfeed improvement, 
language translation, and targeted advertising. Facebook’s DL efforts have been coming out 
of its Facebook Artificial Intelligence Research (FAIR) group, headed by New York University 
(NYU) Professor and DL pioneer, Yann LeCun. The group actively engages with the 
research community and open sources much of its software. Facebook’s use and 
development of DL technologies is becoming increasingly widespread and the company is 
a leader in this space. 

Facebook offers many DL-powered products and libraries. DeepText can extract meaning 
from words by learning to analyze them textually. DeepFace offers facial recognition, which 
Facebook claims is more accurate than humans, reportedly 97% accurate. FBLearner Flow 
uses DL analysis to run simulations of 300,000 ML models every month, to allow engineers 
to test ideas and pinpoint opportunities for efficiency. Just introduced in 2016, FastText is an 
open-source set of libraries supporting text representation, classification, and learning word 
vector representations. 

In 2016, Facebook announced it was also leveraging DL in the development of automatic 
alternative text. Designed to help the blind or vision impaired also enjoy Facebook, automatic 
alternative text generates an audible rich description of a photo using object recognition 
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technology. Recent DL announcements include the release of a video tool that can take 
video or an image from a cell phone and convert the image in real time into a selection of 
artistic styles, such as Van Gogh’s. Called Caffe2Go, the algorithm is a real neural net 
running on a phone in real time. CEO Mark Zuckerberg also used DL in the development of 
Jarvis, his self-made AI assistant. 

When it comes to community-facing efforts, Facebook offers open-source extensions of both 
Torch and Caffe frameworks, and a number of associated modules. Torch runs on Lua and 
is a relatively flexible and robust framework for CNNs and has a native interface for temporal 
convolution. Caffe runs on C++ and is one of the first industry-grade DL frameworks 
specialized for CV. Facebook tends to use Torch for research and Caffe for deployments. 
Recently, Facebook released extensions to Caffe to support efficient inference and 
converting models from Torch to Caffe for deployment. 

Broadly speaking, AI and DL are inherent in Facebook’s longer-term strategy; from global 
connectivity to sustained social media dominance and VR, ML is essential for scale. 
Facebook is also using neural networks to identify both urban and rural population centers 
to map out utility polls for connectivity. Its philosophy of open-source is also a nod to its 
commitment: the company believes opening up tooling and methods to everyone helps 
accelerate AI development for all. 

5.10 IBM 
Year Founded:   1911 
Annual Revenue:  $79.92 billion (2016) 
Ownership:   Public (IBM) 
Headquarters:   Armonk, New York, USA 
CEO:    Virginia Rometti 
Number of Employees:  380,300 (2016) 
 
Company Profile: 
Founded in 1911, IBM is a global leader in technology innovation and the largest technology 
and consulting employer in the world. Long known for its strong legacy in middleware and 
analytics, IBM is increasingly investing in its cognitive computing systems. Watson, no longer 
just the winner of Jeopardy game shows, has pivoted to be an entire ecosystem of products 
and services, with AI and DL teams working to improve its performance on different 
problems. Aside from Watson, IBM is involved in both the hardware and software spaces of 
AI as well. On the consumer side, Watson powers more and more consumer-facing 
applications in retail, travel, finance, and hospitality. 

Many product offerings are helping companies deploy AI more rapidly. IBM has developed 
a series of new servers specifically designed to drive AI, DL, high-performance data 
analytics, and other compute-heavy workloads. A DL software kit, Power AI, was launched 
in November 2016 to take advantage of servers with NVIDIA’s NVLink capabilities. Power 
AI consists of five open-sourced AI tools and includes DL frameworks, such as Caffe, Torch, 
and Theano. IBM has been working on its TrueNorth computer chip for years, which is 
capable of engaging in DL and making decisions based on associations and probabilities. 
The chip has demonstrated it is especially good at image recognition. Watson allows 
customers to apply cognitive computing features across a variety of applications and 
industries. APIs are offered for language, vision, speech, and data. Watson Machine 
Learning Service (formerly IBM’s Predictive Analytics Service) intelligently and automatically 
builds models from data and open ML libraries. Project DataWorks, another Watson 
initiative, is designed to make it simple for business leaders and data professionals to collect, 
organize, govern, and secure data or business insights. It uses ML and Apache Spark. 
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With the acquisition of AlchemyAPI in 2015, Watson gained access to image, text analysis, 
and sentiment analysis using DL, as well as CV services, also based on DL. Some 
applications for its DL products and services include medical image recognition, video 
processing/analysis, text analysis, virtual agents, weather forecasting (Deep Thunder), 
personalized recommendations, music interpretation and creation, and virtual agents. A wide 
range of verticals leverage its services, including healthcare, commerce, education, IoT, 
supply chain, finance, and marketing. In the future, IBM is planning hardware and software 
for inferencing. Drones, robots, and autonomous cars use inferencing engines for navigation, 
image recognition, or data analysis. Inferencing chips are also used in data centers to boost 
DL models. 

5.11 INDICO 
Year Founded:   2013 
Ownership:   Private  
Headquarters:   Boston, Massachusetts, USA 
CEO:    Slater Victoroff  
Number of Employees:  20  
 
Company Profile: 
Founded in 2013, Indico was formed out of Olin College, an undergraduate engineering 
school located in Massachusetts. The company provides DL algorithms to developers, such 
as platform APIs (custom collections, CrowdLabel, text features, and image features), text 
APIs (sentiment analysis, text tags, keywords, political analysis, etc.), and image APIs 
(facial-emotion recognition, content filtering, object recognition). The custom collection of 
APIs handles unstructured data and specializes in smaller sets of data with transfer learning. 

Its technology is used in many different industries, including retail, fashion, marketing, 
finance, media, image filtering, software consulting, legal, and public relations. Some specific 
customers include Mavrck, CO Everywhere, and interlinkONE. Moving forward, Indico will 
be moving deeper into the financial sector by building a ML software program for companies 
working in insurance and asset management. In August 2016, the company announced a 
partnership with Manulife’s Lab of Forward Thinking (LOFT). Manulife's LOFT will use 
Indico's platform to develop an AI and DL tool to analyze unstructured financial data. 

Indico has raised $4.3 million in four rounds from multiple investors. The latest round was 
$1.2 million in November 2016.  

 
5.12 INTEL  

Year Founded:   1968 
Annual Revenue:  $59.39 billion (2016)  
Ownership:  Public (INTC) 
Headquarters:   Santa Clara, California, USA 
CEO:    Brian Krzanich 
Number of Employees:  106,000 (2016) 
 
Company Profile: 
Founded in 1968, Intel is the world’s biggest computer chip company, controlling 80% of the 
market for microprocessors that go into desktop and notebook computers. It also makes 
chips for servers, smartphones, and tablets, as well as embedded semiconductors for the 
industrial, medical, and automotive markets. Intel has recently begun to jumpstart its 
investment in the field of AI and DL, in both hardware and software, with a few key 
acquisitions. 
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The Intel Deep Learning Inference Accelerator (DLIA) combines traditional Intel CPUs with 
FPGAs, semiconductors that can be reprogrammed to perform specialized computing tasks. 
Aside from hardware, Intel offers libraries (Intel Math Kernel Library, a DNN) as well as 
toolkits (Intel Deep Learning SDK). 

In 2015, Intel acquired Saffron, a cognitive computing platform that specializes in processing 
and analyzing enterprise, industrial, and device data, and modeling predictions for the 
performance and behavior of processes and infrastructure. 

In August 2016, Intel acquired Nervana Systems to apply DL at the chip level. Nervana offers 
a full stack hosted DL platform (Nervana Cloud), as well as development work on DL 
hardware (Nervana Engine). The Nervana platform aims to deliver up to 100X reduction in 
the time to train a DL model over the next 3 years compared to GPU solutions. As part of 
the Xeon Phi chip family, the company is working on an AI chip code-named Knights Mill, 
which it alleges will be 4X faster at DL tasks than the current Xeon Phi chip. The Intel 
Nervana Graph Compiler was introduced to accelerate DL frameworks on Intel silicon. 

Additionally, in September 2016, the company announced it would be purchasing Mobidius, 
which will bring algorithms tuned for DL, depth processing, navigation and mapping, and 
natural interactions, as well as broad expertise in embedded CV and machine intelligence. 

Across these acquisitions, one can see Intel pushing into DL across multiple parts of the 
stack. While today the focus is on classic verticals for DL (e.g., text and object classification), 
Intel’s longer-term play is to support specialized hardware that enables data ingestion, 
sensor fusion, and reasoning. One such area is autonomous driving; Intel plans to introduce 
a roadmap of new automotive products that will incorporate DL, and it announced a 
partnership with BMW and Mobileye in this area. Intel will test its first silicon, code-named 
“Lake Crest,” in early 2017. Lake Crest is optimized specifically for neural networks to deliver 
high performance for DL. 

5.13 MICROSOFT 
Year Founded:   1975 
Annual Revenue:  $85.32 billion (2016) 
Ownership:   Public (MSFT) 
Headquarters:   Redmond, Washington, USA 
CEO:    Satya Nadella 
Number of Employees:  114,074 (2016)  
 
Company Profile: 
Founded in 1975 by Bill Gates and Paul Allen, Microsoft is a multinational technology 
company that develops, licenses, and supports a range of software products, services, and 
devices. The company also designs, manufactures, and sells PCs, tablets, gaming and 
entertainment consoles, phones, and other intelligent devices that integrate with its cloud-
based offerings. When it comes to AI, Microsoft’s goal is to make it available to everyone 
through agents, applications, services, and infrastructure. Its commitment in this area was 
cemented by the formation of the Microsoft AI and Research Group, which brings together 
more than 5,000 computer scientists and engineers focused on the company’s AI product 
efforts. The group recently announced an incubation hub focused on solving some of the 
most difficult challenges in AI. The new team will pursue innovations in both theory and 
practice, investing in the computational foundations of AI. It also recently launched an Ethical 
Design Guide to provide developers clear guidance on all projects and incubations. 
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Like most other data giants, AI and DL plays a critical role in almost all its services and 
products, as well as its own day-to-day processes. Consumers see Microsoft’s AI services 
in Cortana, Bing, Office 365, SwiftKey, Skype, Translate, Dynamics 365, and HoloLens. It 
also recently released SeeingAI, a iOS app that narrates the world around you as you 
navigate. For developers, its toolkits are typically in speech recognition, search rankings, 
photo search, translation systems, and more recently, gesture with Project Prague. The 
Cortana Intelligence Suite has multiple corporate, manufacturing, medical, and IoT 
applications. Microsoft’s DL offerings hinge on the company’s Cognitive Toolkit, formerly 
known as the Computational Network Toolkit (CNTK). This open-source DL framework 
supports the implementation of AI on different languages, such as C++ or Python. Microsoft’s 
Cognitive Services are a series of cloud APIs that provide AI capabilities in cognitive 
computing areas, such as vision, speech, text, and knowledge. 

On Azure, Microsoft’s cloud computing platform, the company offers a suite for ML and 
advanced analytics called the Cortana Intelligence Suite. These services can be used, along 
with the Cognitive Toolkit or any other DL framework, to deploy intelligent applications. 
The Data Science Virtual Machine (DSVM) is available in the Azure Marketplace and comes 
pre-loaded with a range of DL frameworks and tools for Linux and Windows. The DL toolkit 
for the DSVM is a solution for the Windows DSVM that installs several GPU-accelerated 
tools for DL, CUDA, cuDNN, the GPU driver, and several samples. Microsoft’s Zo chatbot, 
introduced in December 2016, and its widely popular Xiaoice (only available in China) are 
both powered by DL. 

Microsoft has found particular success using DL in its speech recognition and translation, 
which is bolstered by the Cognitive Toolkit. In October 2016, Microsoft Artificial Intelligence 
and Research announced that it had, for the first time, created a technology that recognizes 
words in a conversation as well as a person does. In December 2016, the company 
announced Microsoft Translator, a new tool that is in preview, which delivers live, in-person 
speech translation via internet-connected smartphones, tablets, and PCs. 

In November 2016, OpenAI, the non-profit AI research firm backed by Elon Musk, signed an 
agreement to run most of its large-scale experiments on Microsoft’s Azure. OpenAI will use 
Azure for its experiments in DL and AI, and Microsoft will collaborate with the company on 
advancing research and creating new tools and technologies. In December of the same year, 
Microsoft, Cray, and the Swiss National Supercomputing Centre (CSCS) announced work 
on a project to speed up the use of DL algorithms on supercomputers. 

The company continues to bolster its presence in the market through acquisitions. In January 
2017, Microsoft acquired Maluuba, a Canadian startup focused on AGI in language. Through 
this acquisition, AI researcher Yoshua Bengio will be joining Microsoft as an advisor. Other 
notable AI purchases include Genee in August 2016 and Equivio in 2015. Like IBM, Microsoft 
is a legacy technology giant vying (and investing) to stay on the bleeding edge in a 
hypercompetitive market against the likes of Google, Facebook, and Baidu. Like Amazon, 
Microsoft’s Azure Cloud business (which grew 97% year-over-year in 2016) helps support 
intense R&D in AI, including both cloud-based and embedded AI. 

  

https://azure.microsoft.com/en-us/marketplace/partners/microsoft-ads/standard-data-science-vm/
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5.14 NVIDIA 
Year Founded:   1993 
Annual Revenue:  $6.91 billion (fiscal 2017) 
Ownership:   Public (NVDA) 
Headquarters:   Santa Clara, California, USA 
CEO:    Jen-Hsun Huang 
Number of Employees:  10,299 (fiscal 2017) 
 
Company Profile: 
Founded in 1993, NVIDIA invented the GPU in 1999 and still dominates this market. Almost 
every major technology company is partnered with NVIDIA in some way and uses its 
hardware. NVIDIA has recently repositioned itself as “the AI computing company” and the 
company has been out in front of the pack in terms of accelerating AI, and particularly DL, 
given its computation resources. NVIDIA has been developing DL software, libraries, and 
tools for a number of years and most of today’s DL solutions rely almost exclusively on 
NVIDIA GPU-accelerated computing to train and speed up AI services, such as image, 
handwriting, and voice identification. 

NVIDIA's GPUs are available in desktops, notebooks, servers, and supercomputers around 
the world, as well as in cloud services from Alibaba, Amazon, Baidu, Google IBM, Microsoft 
and Tencent. The NVIDIA Titan X is the fastest accelerator for deep neural network training 
on a desktop PC based on the NVIDIA Pascal architecture. NVIDIA claims its DGX-1 is the 
world’s first purpose-built system for DL with fully integrated hardware and software. The 
Tesla P100 is an accelerator for HPC, advanced analytics, and DL based on the Pascal 
architecture, while the Tesla P40 is known for its speed. The Tesla P4 is a lower-power, 
small form factor GPU accelerator optimized for video transcoding, image recognition and 
processing, and DL inference. The company is continuously improving upon its chips to 
increase efficiency and speed for DL. 

In May 2017, the company announced its launch of the Tesla V100 Volta, a next-generation 
offering based on its graphics architecture that boasts more than 21 billion transistors and 
5,120 computing cores, including 640 Tensor cores built to deliver some 120 teraflops of 
performance, specialized for DL. This is a sharp blow to competitors, as these chips speed 
up DL training by 12X and inferencing by 6X relative to current solutions, according to 
NVIDIA. 

The NVIDIA Deep Learning SDK provides tools and libraries for designing and deploying 
GPU-accelerated DL applications. It includes libraries for DL primitives, inference, video 
analytics, linear algebra, sparse matrices, and multi-GPU communications. NVIDIA Digits 
assists with image classification. NVIDIA SHIELD and SPOT are services primarily geared 
toward voice recognition, smart home interactions, and automation. 

The company is going big in the autonomous driving space and offers end-to-end solutions. 
Drive PX2 offers scalable in-vehicle AI supercomputing for autonomous driving. NVIDIA's 
unified AI computing architecture enables training deep neural networks in the data center 
on the NVIDIA DGX-1, and then seamlessly runs them on NVIDIA DRIVE PX 2 inside the 
vehicle. This leverages NVIDIA DriveWorks software and allows cars to receive over-the-air 
updates to add new features and capabilities throughout the life of a vehicle. In January 
2017, NVIDIA announced a partnership with Mercedes-Benz, Audi, Bosch, Toyota, and 
Volvo to bring a self-driving car to production within the next 12 months. 

Other industries leveraging NVIDIA’s DL technologies include robotics, healthcare, finance, 
government, advertising, and energy. NVIDIA is also involved in nurturing startups in the AI 
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field through Inception, a virtual incubator program and its Deep Learning Institute partners 
with online education providers to offer online and in-person DL training events. 

Most recently, the company raised approximately $4 billion in post-initial public offering (IPO) 
equity from SoftBank. 

5.15 NUANCE COMMUNICATIONS 
Year Founded:   1992 
Ownership:  $1.9 billion (2016) 
Ownership:  Public (NUAN) 
Headquarters:   Burlington, Massachusetts, USA 
CEO:    Ronald Croen  
Number of Employees:  13,500 
 
Company Profile: 
Founded in 1992, Nuance Communications was a spin-off of SRI International’s Speech 
Technology and Research (STAR) Lab, created to commercialize the speech recognition 
that had been developed by the U.S. government. The company laid its roots in call center 
automation applications, and in 2005 merged with competitor, ScanSoft, which itself had 
spun out of Ray Kurzweil’s omni-font optical character recognition system sold to Xerox in 
1980. A long history, plus over 49 acquisitions since its merger with ScanSoft, support 
Nuance’s core capabilities of machine understanding, vision, and listening with an keen 
focus on subtleties in user speech, language, or documents.  

Today, Nuance provides a wide range of speech, imaging, and keypad solutions to 
businesses and consumers, powering over 20 billion cloud transactions per year. The 
company supports products like Clintegrity, clinical language understanding in healthcare; 
Nina Virtual Assistants, used in support contexts and in banking; Copitrak, documentation 
imaging and management for law firms; Dragon, TTS dictation, OmniPage for optical 
character recognition; and a host of other document and speech recognition products. It 
offers solutions for embedded systems, such as in consumer electronics or automotive, but 
its speech recognition products increasingly use the cloud as well. It supports clients in 
government, utilities, journalism, manufacturing, retail, travel, and telco, in addition to those 
mentioned above. Nuance is also the core speech recognition partner with Apple Inc. 
powering its Siri product. 

Since its merger with ScanSoft in 2005, Nuance has acquired 49 companies, the most recent 
being mCarbon, a customer value management solution for telecoms, for $36 million.  

The company recently suffered a serious malware incident as part of its network was affected 
by a global malware attack known as Petya. In July of 2017, they reported this that while 
they have made significant progress in remediating systems related to the malware incident, 
the company nonetheless expects a material effect on financial results for its fourth fiscal 
quarter of 2017. 

  



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

79 
 
 

5.16 SENTIENT TECHNOLOGIES 
Year Founded:   2007 
Ownership:  Private  
Headquarters:   San Francisco, California, USA 
CEO:    Babak Hodjat  
Number of Employees:  103 
 
Company Profile: 
Sentient Technologies was founded in 2007 by entrepreneurs Antoine Blondeau and Babak 
Hodjat, who were involved in developing technology that evolved into Apple’s Siri. The 
company remains active in research in the DL space and is particularly interested in end-to-
end training, modular models, and multiple layers of abstraction. 

The company’s AI technology is capable of scaling to millions of cores and is further 
differentiated by using distributed evolutionary computation. Beginning with a basic set of 
design elements, these tools run tests to determine which elements are best adapted to 
survive and thrive in a given environment. As in the natural world, these most successful 
elements are combined to “breed” brand new designs featuring an assortment of different 
combinations. Subsequent rounds of testing filter out the weakest elements, eventually 
leaving only the elements that are most effective for the task, given objectives and 
parameters. 

Combined with DL technologies, Sentient can analyze image-based interactions in order to 
deeply understand a user’s intent and preferences. It then combines content and 
recommends actions based on that understanding. Its two main products are Sentient Aware 
(product discovery, intelligent recommendations, adaptive/living websites, and marketing) 
and Sentient Ascend (automation and acceleration of website testing, improvement, and 
conversion rate optimization). Aware was launched with Canadian-based retailer Shoes.com 
and now has several big brands as customers including Sunglass Hut, TUMI, and Maui Jim. 

Sentient is also known for its work on developing an AI-driven equity fund, using private 
investor funds since 2014. A subsidiary, Sentient Investment Management, has been formed 
to develop and apply its technologies to trading and investment strategies. Users adjust risk 
setting and the AI runs the trading while serving up specific recommendations around 
instruments, exits, exposure, etc. Sentient is now accepting outside funds. Beyond the 
financial industry, Sentient is currently targeting e-commerce and online content, as well as 
carrying out research in the medical field. Sentient Technologies is extremely well funded, 
with approximately $143 million raised. Its most recent round clocked in at $103 million in 
November 2014. 

5.17 SENSORY INC. 
Year Founded:   1994 
Ownership:  Private   
Headquarters:   Santa Clara, California, USA 
CEO:    Todd Mozer  
Number of Employees:  60 
 
Company Profile: 
Founded in 1994, Sensory is one of the oldest companies providing ML chips and software 
for consumer electronics and are FIDO-certified for biometric recognition. It specializes in 
embedded neural network development for chips supporting machine vision, biometrics, and 
speech recognition, and focuses on biometric fusion wherein more than one biometric values 
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are used for on-device authentication. The company began its work developing embedded 
neural networks for PCs and server-based solutions, but has since gained significant market 
share in mobile devices, electronics, toys, tablets, and wearables for consumer markets, as 
well as automotive, healthcare, banking, and enterprise. 

Sensory offers three core software products. Truly Handsfree is a command and control 
speech recognition technology that handles about 100 words for user-defined, fixed triggers. 
Vocabulary and grammar are limited, as all processing occurs on the device with ultra-low-
power required (1 milliamp). The technology has been shipped in over a billion products, 
including many Samsung, Microsoft, Sony, Toshiba, and other original equipment 
manufacturers (OEMs). Its TrulyNatural product is a more robust version, which is able to 
handle tens of millions of words and grammatical schema. TrulyNatural supports more 
common voice applications like chatbots or dialog tools, but tends to be more domain specific 
(e.g., a barista for a coffee company), as multiple domain agents (e.g., Amazon Alexa) still 
require cloud-based processing. Truly Secure is its software, which supports biometric fusion 
of face and voice, combining facial authentication and speaker verification and running on 
mobile devices. These technologies are designed for seamless UX where users do not need 
to touch the phone or identify themselves expressly, rather devices “learn and know who you 
are supposed to be” and compare you with that.  

Sensory has a strong, legacy foothold in an emerging market (embedded DL) with extensive 
patents, Tier One electronics clients and partnerships, and leading talent in semiconductors, 
speech, language, and CV technology, and academia. The company is also pushing 
seamless UX in all designs, avoiding awkward interactions like retina scans, for instance, 
and building for behavioral biometric layering where past interactions help expedite 
authentication. However, it suddenly faces competition with some of the largest corporations 
in the world, particularly those building out large teams of speech recognition and CV 
engineers. 

The company received $400,000 in venture funding in 2001, but has since grown without 
any outside investment.  

5.18 TENCENT 
Year Founded:   1998 
Annual Revenue:  $21.9 billion 
Ownership:   Public 
Headquarters:   Shenzhen, Guangdong, China  
CEO:    Huateng (Pony) Ma  
Number of Employees:  30,641 

 
Company Profile: 
Founded in 1998, and listed on the Hong Kong Stock Exchange in 2004, Tencent is a 
Chinese provider of internet, mobile, and telecommunication services. More specifically, the 
company offers instant messaging, mail, online media, games, wireless internet value-added 
services (such as short messaging service (SMS)), and online advertising. Tencent’s 
WeChat social messaging app is extremely popular and widely used in China. In 2016, the 
company announced a deeper push into the AI space with the creation of an AI Lab. 

The quickly growing AI Lab will focus on ML, NLP, CV, and speech recognition. The AI 
solutions developed by Tencent will be open sourced to its partners through Tencent Cloud. 
In December 2016, the company launched an AI platform, Angel, with plans to open source 
it in 2017. Tencent Angel is the third generation of AI platform, developed by Java and Scala, 
with distributed computing framework for ML. Tencent has been using ML in its products and 
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services, such as video streaming, social advertisement, personalized news 
recommendations, search, and data mining. 

The company has a huge investment portfolio and has been investing in companies in the 
AI space, such as Skymind and Diffbot. 

5.19 TESLA 
Year Founded:   2003 
Annual Revenue:  $7 billion (2016) 
Ownership:   Public (TSLA) 
Headquarters:   Palo Alto, California, USA 
CEO:    Elon Musk  
Number of Employees:  33,000 

 
Company Profile: 
Founded in 2003, Tesla is perhaps the most visible automaker involved with the actual 
testing of semi-autonomous and autonomous vehicles. While its best-known product, the 
Tesla car is consumer-facing, Tesla is also an energy storage company that manufactures 
lithium-ion battery energy storage and a solar panel manufacturer. In the words of the 
company’s illustrious founder, Elon Musk, he envisions Tesla as a technology company. 

The company has equipped all of its cars manufactured after October 2014 with the ability 
to support limited autonomous driving through its AutoPilot feature, but continues to update 
and refine the software. Tesla’s AutoPilot relies on the optical camera and radar, and it is 
working on new technology based on ML to make the vehicles safer. A driver using AutoPilot 
was killed when his Tesla failed to notice a truck stretching across the road in front of him, 
which was said to be due to the car’s reliance on a camera that could not detect an object 
crossing in front of the vehicle. 

Furthermore, Tesla has the advantage of collecting data from the entire fleet and learning 
how drivers behave at certain GPS locations, then using that information to make future 
decisions. As an example, Tesla cars that are not using AutoPilot can capture specific driver 
actions, such as braking or changing lanes, which are tagged to specific locations. If enough 
cars exhibit the same action, that image is uploaded to the company’s database as a way to 
augment data captured by the car’s cameras or radar sensors. Tesla is also working on self-
driving technology for electric semi-trucks. 

The company has received approximately $5.7 billion in funding, most recently $1.7 billion 
in post-IPO equity from Tencent Holdings. Tesla has acquired three companies in the last 2 
years, including Riviera Tool, Grohmann Engineering, and SolarCity.  

5.20 UBER 
Year Founded:   2009  
Annual Revenue:  $972.22 million 
Ownership:  Private 
Headquarters:   San Francisco, California, USA 
CEO:    No acting CEO (August 2017) 
Number of Employees:  6,700 
 
Company Profile: 
Founded in 2008, Uber has now grown from an app to request transportation in a few 
metropolitan areas, to a major player in urban logistics. Uber is leveraging ML and DL to 
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weed through its masses of data to produce more efficient customer and driver experiences. 
The company has been using ML to improve the way prices respond to supply and demand 
and to better match riders and drivers; however, the company is broadening its focus. Its 
goal is to create ML as an internal service with a graphical interface and APIs so that every 
team in the company can use it. Models are being built from the large amounts of data Uber 
has and the model is learning from continuous experience. 

In November 2016, Uber rolled out some big changes to its mobile app, with ML behind the 
redesign. The app redesign has focused on greater personalization, which has some 
extensive  ML work on the back end. Uber is using ML algorithms layered on top of its historic 
trip data to assess more accurate estimated time of arrival (ETA) information, taking into 
account traffic patterns, etc. ML will be used to determine the best routes, optimize multiple 
pickups with UberPOOL, compute when a car and UberEats will arrive, and assist with fraud 
detection. A potential future application is assisting Uber’s efforts in the self-driving space. 
Uber has an Advanced Technology Center in Pittsburgh focusing on this area and, in August 
2016, Uber acquired Otto, an autonomous trucking company. 

Uber will continue to leverage DL throughout its offered experience, and its December 2016 
acquisition of Geometric Intelligence and the subsequent formation of Uber AI Labs is 
another signal of its commitment to the space, and will take on developing forms of ML that 
need less data; training AI systems using not only data, but also explicit rules; and designing 
ML systems that explain their decisions. These are technologies that were being developed 
by Geometric Intelligence prior to the acquisition. 

The company has struggled over the years to sustain driver and consumer trust, amid 
suspicious reports of how the company handles data, its outspoken (now former) CEO, 
Travis Kalanick, and poor UX. However, it has raised over $15 billion in multiple rounds of 
funding. Its latest round was for $3.5 billion in June 2016, which is the single largest round 
of funding ever for a private U.S. company. In July, 2017, Uber acquired Swipe Labs, a team 
that builds social photo and image recognition apps (competitive to Snapchat) in an effort to 
boost its in-app user experience. 

Table 5.1 Additional Industry Participants 

Company Location Emp. Markets Served 
Owner-
ship Website 

Affectiva Waltham, 
MA 

15 Consumer, 
Healthcare, Online 
Education, Gaming, 
Market Research 

Private www.affectiva.com/ 

Agrima 
Infotech 

Kerala, 
India 

120 Robotics, Mobile, 
Security, Risk 
Management 

Private http://agrimainfotech.com/ 

Algolux Montreal, 
Canada 

25 Auto, Robotics, 
Mobile, AR/VR, 
Medical, Computing 

Private https://algolux.com/ 
 

BioBeats London, 
England 

20 Consumer, 
Wellness 

Private www.biobeats.com 

BullGuard London, 
England 

60 Home Security Private www.bullguard.com 

Captricity 
 

Oakland, 
CA 

120 Insurance, 
Healthcare, 
Government, Non-
Profit 
 

Private captricity.com/ 
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Company Location Emp. Markets Served 
Owner-
ship Website 

Comma.ai San 
Francisco, 
CA 

5 Education, 
Electronics, 
Automotive 

Private http://comma.ai/ 
 

Cortexica London, 
England 

25 Ecommerce, Retail Private www.cortexica.com/ 
 

Cortica 
 

Tel Aviv, 
Israel 

75 Advertising, 
Publishing 

Private www.cortica.com/ 

CrowdFlower San 
Francisco, 
CA 

60 E-Commerce, 
Customer Service, 
CRM 

Private https://www.crowdflower.com/ 
 

Deepgram Mountain 
View, CA 

10 Call Centers, Media Private www.deepgram.com/ 
 

DeepVision  Cordoba, 
Argentina 

10 Business-to-
Business (B2B), 
Computer Vision 

Private www.deepvisionai.com/ 

DeepVision Palo Alto, 
CA 

5 Auto, Robots, 
Drones, Smart 
Cameras 

Private http://deepvision.io 

Drive.ai Mountain 
View, CA 

30 Auto & Robotics Private www.drive.ai/ 
 

Ditto Labs Cambridge, 
MA 

25 Digital + Social 
Media, Advertising, 
Marketing 

Private http://dittolabs.io/ 
 

Eyeris 
Technologies 

Palo Alto, 
CA 

25 Auto Private http://emovu.com/e/ 

Flipkart Bagalore, 
Karnataka, 
India 

10,000 E-commerce Private www.flipkart.com 

GraphCore London 
England 

40 Software 
Development 
Services, Hardware 

Private www.graphcore.ai/ 
 

GridSpace 
 
 

San 
Francisco, 
CA 

25 Finance, Insurance, 
Transportation, 
Business Services, 
Communications, 
High Tech 

Private www.gridspace.com/ 

Horizon 
Robotics 

Beijing 
China 

50 Smart Home, 
Automobiles, Safety 

Private www.horizon-robotics.com 
 

HyperVerge Palo Alto, 
CA 

25 Consumer, Image 
Recognition 

Private hyperverge.co/ 

Imagenii/ 
Pomika 

San 
Antonio, 
TX 

5 AR, e-Commerce, 
Advertising 

Private http://pomika.com/ 
www.imagenii.com/ 

IPsoft New York, 
NY 

2000 Information 
Technology, 
Customer Service 

Private www.ipsoft.com 

Juvo San 
Francisco, 
CA 

50 Consumer, 
Financial, Telecom 

Private www.juvo.com 

Luminoso Cambridge, 
MA 

40 Business 
Intelligence 

Private www.lumino.so/ 

MarianaIQ Palo Alto, 
CA 
 

35 B2B/Marketing Private www.marianaiq.com/ 



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

84 
 
 

Company Location Emp. Markets Served 
Owner-
ship Website 

MindMeld 
(Expect 
Labs) 

San 
Francisco, 
CA 

25 Consumer Virtual 
Assistance 

Private www.mindmeld.com/ 
 

Mobvoi Beijing, 
China 

100 Consumer, 
Language  

Private www.chumenwenwen.com/en/site/index.html 

Neurala Boston, MA 25 Robots, Cameras, 
Drones  

Private www.neurala.com/ 

Neuramatix Kuala 
Lumpur 

14 Bioinformatics, 
Language, Robotics 

Private http://neuramatix.com/ 
 

Numenta Redwood 
City, CA 

20 
 

Research Private http://numenta.com/ 

Nnaisance Lugano, 
Switzerland 

10 Research Private https://nnaisense.com/ 
 

Oben Pasadena, 
CA 

20 VP/AR/IoT 
 

Private https://oben.me/ 

Osaro San 
Francisco, 
CA 

12 Robots, Drones, 
IoT, Autonomous 
Vehicles, Digital 
Advertising 

Private www.osaro.com/ 
 

Pavlov San 
Francisco, 
CA 

5 AI 
Agents/Customer 
Service 

Private https://pavlov.ai/ 
 

Pilot.ai Redwood 
City, CA 
 

25 Consumer 
Electronics 

Private http://pilot.ai/ 

Qualcomm San Diego, 
CA 

30,500 Telecom and 
Semiconductor 
Hardware 

Public www.qualcomm.com 
 

Quantified 
Skin 

San 
Francisco, 
CA 

25 Healthcare Private http://quantifiedskin.com/ 
 

RSVP Tech Waterloo, 
Canada 

25 Robotics/Natural 
Language 

Private www.rsvptech.ca/ 

Rulai Campbell, 
CA 

10 Consumer, Virtual 
Assistance 

Private www.rul.ai 

Sentiance Antwerp, 
Belgium 

40 Mobility, 
Commerce, 
Connected Home, 
Health 

Private www.sentiance.com/ 
 

SightHound Winter 
Park, FL 

20 Home/Business 
Surveillance 

Private www.sighthound.com/ 

Staqu 
Technologies 

Haryana, 
India 

25 e-Commerce Private www.staqu.com/ 

SenseTime Hong Kong 150 Banking/Security Private http://sensetime.com/ 
The Curious 
AI Company 

Helsinki, 
Finland 

25 Research Private https://thecuriousaicompany.com/ 

twentybn Berlin, 
Germany 

20 Autonomous 
Vehicles, Robotics, 
Video Monitoring 

Private www.twentybn.com/ 
 

Viv San Jose, 
CA 

35 Consumer Virtual 
Assistance 

Samsung 
(Public) 

http://viv.ai/ 
 

WayBlazer Austin, TX 30 Travel Private http://wayblazer.com/ 
(Source: Tractica) 
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SECTION 6 
MARKET FORECASTS  

6.1 FORECAST METHODOLOGY  
The model used for estimating the size of the consumer AI market follows a use case-based 
approach. The model is set up to mainly calculate the consumer AI software revenue. For 
the purposes of this study, Tractica has identified 23 use cases for consumer AI through 
various sources that include startups, technology companies, university research labs, and 
industry conferences. The use cases are then organized and classified under industry types, 
sub-industries, technologies, and timeline of adoption. For each use case, individual metrics 
are identified that help to estimate the addressable market size of the use case. Careful 
consideration has been given to the type of use case and appropriate metric, to ensure that 
there is no double counting and that use cases that have applications across different 
industries and sub-industries are identified and chosen appropriately. 

The use case metrics are classified as top-down or bottom-up metrics, with top-down 
representing a dollar-denoted metric and DL revenue as a percentage of a larger 
addressable market. Bottom-up is where the metric uses units such as the number of mobile 
phones, cars, or airplanes, and the units are multiplied by unit cost for the technologies that 
are used. Appropriate scaling up and scaling down of costs have been applied based on the 
units being in the billions or in the hundreds, with a higher scale of units denoting a lower 
unit cost. Individual metric values were identified across the five world regions of North 
America, Europe, Asia Pacific, Latin America, and the Middle East & Africa. In the final step 
of the model, penetration rates are used in conjunction with the metrics to derive the DL 
market size for each of the individual case studies, across the regions. 

The model does not account for new or future use cases that could emerge during the 
forecast period. Tractica believes that most of the new use cases that could emerge will be 
subsets or branches of the existing use cases that have been included in the model. Tractica 
also aims to keep track of new emerging use cases and will be publishing updates to the 
model and forecasts on a regular basis. 

6.2 GLOBAL REVENUE FORECASTS 
Tractica forecasts that annual global revenue for consumer AI will increase from $1.86 billion 
worldwide in 2016 to $42.1 billion in 2025, representing a CAGR of 41.4%. Such a high 
CAGR is consistent with a market that is relatively new, even if the technology is not. 
According to Tractica’s modeling across 28 industry subsets, consumer AI accounts for the 
largest segment; approximately 20% of the overall AI revenue in 2016. 

By 2025, the total AI is expected to be a much more fragmented market in terms of industry 
mix, with no single industry clearly dominating the revenue forecast. The fragmentation 
increases as we move through the forecast period. What is certain is increased adoption in 
those industries with access to massive (and growing) amounts of data, with consumer AI 
one of the leading industries of Big Data. 
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Chart 6.1 Consumer Artificial Intelligence Total Software, Service, and Hardware Revenue by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.3 TOTAL REVENUE FOR CONSUMER ARTIFICIAL INTELLIGENCE SOFTWARE, SERVICES, AND 
HARDWARE 
AI in the consumer space consists of three interdependent segments: hardware, software, 
and services. On their own, each segment has intrinsic value (e.g., the cost of the physical 
components, the cost to develop the code used to write the software and algorithms, and 
the labor or automation costs to initiate and maintain a service offering). Annual revenue for 
consumer AI applications, taking into account software, services, and hardware, will increase 
and Tractica projects that total consumer AI revenue will reach almost $42.1 billion by 2025, 
up from $1.86 billion in 2016, reflecting a very robust CAGR of 41.4%. 

Chart 6.2 Consumer Artificial Intelligence Total Revenue by Segment, World Markets:  
2016-2025 

 
(Source: Tractica) 
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6.3.1 CONSUMER ARTIFICIAL INTELLIGENCE SOFTWARE FORECASTS  
Tractica forecasts that annual revenue for consumer AI software will increase from $400 
million worldwide in 2016 to $5.33 billion in 2025, representing a CAGR of 33.4%. North 
America will remain the leading region for consumer AI adoption throughout the forecast 
period; however, other world regions will demonstrate strong growth as well, with the highest 
growth rates occurring in Asia Pacific.  

Chart 6.3 Consumer Artificial Intelligence Software Revenue by Region, World Markets:  
2016-2025 

 
(Source: Tractica) 
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Cloud computing plays a critical role in AI, especially in the training of AI systems, but given 
the extremely sensitive nature of DL-driven decision making, some organizations will not be 
comfortable putting these systems in the cloud. As a result, AI systems are likely to be the 
last systems to move off-premise and promise to give internal data systems new life. 

Tractica forecasts that annual revenue for consumer AI-driven cloud services will increase 
from $48.5 million worldwide in 2016 to $2.83 billion in 2025, representing a CAGR of 57.1%.  

Chart 6.4 Consumer Artificial Intelligence-Driven Cloud Services by Region, World Markets: 
2016-2025 

 
(Source: Tractica) 
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6.3.2 CONSUMER ARTIFICIAL INTELLIGENCE HARDWARE REVENUE 
Vendors of servers, networks, and storage, as well as cloud providers, can expect to see the 
adoption of consumer AI contribute to both their top and bottom lines. In the consumer AI 
space, this is especially true for GPU vendors today, and over a longer period of time, for 
CPU, ASIC, and FPGA components. Given that the data and compute-intensive realities of 
consumer AI are less than in certain industries, such as automotive, Tractica expects much 
processing will be handled by the cloud, but certain consumer applications will move to edge-
level processing via mobile, robots, and other in-home devices.  

Pure hardware components, including CPUs/ASICs/FPGAs, GPUs, network products, and 
storage devices are estimated to grow from $561.6 million in 2016 to $24.8 billion by 2025.  

Chart 6.5 Consumer Artificial Intelligence Hardware Revenue, World Markets: 2016-2025 

 
(Source: Tractica) 
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Chart 6.6 Consumer Artificial Intelligence-Driven Hardware Revenue by Product Category, 
World Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.2.1 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN CHIPSET REVENUE  

The GPU market in 2016 for consumer AI hardware is estimated to be $229.5 million, with 
revenue growing to $4.7 billion by 2025 at a CAGR of 39.9%. NVIDIA makes up a large 
percentage of the GPU market today with the majority of the revenue being spent on training.  

Chart 6.7 Consumer Artificial Intelligence-Driven GPU Revenue by Region, World Markets: 
2016-2025 

 
(Source: Tractica) 
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The CPU/ASIC/FPGA market, which is dominated by CPUs today, is led by Intel’s chips, 
largely used for inference, with revenue in 2016 estimated to be $147.1 million. ASICs are 
expected to grow their share as new custom architectures start to increase their presence in 
the AI hardware market, ushering in major competition to GPUs. The CPU/ASIC/FPGA 
category will see its revenue reach $9.02 billion by 2025. 

Chart 6.8 Consumer Artificial Intelligence-Driven CPU, ASIC, FPGA Revenue by Region, World 
Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $1,000

 $2,000

 $3,000

 $4,000

 $5,000

 $6,000

 $7,000

 $8,000

 $9,000

 $10,000

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America

Europe

Asia Pacific

Latin America

Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

94 
 
 

6.3.2.2 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN NETWORK PRODUCTS REVENUE 

Consumer AI systems will require significant networking resources to integrate such systems 
with other enterprise IT systems, as well as to other like systems and to the cloud. Tractica 
estimates consumer AI-driven network product revenue will grow from $47.8 million in 2016 
to $2.85 billion by 2025. 

Chart 6.9 Consumer Artificial Intelligence-Driven Network Products Revenue by Region, World 
Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.2.3 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN STORAGE DEVICES REVENUE 

The data-intensive nature of consumer AI programs, particularly as companies want to 
collect and analyze as much data about their customers as possible, makes them prime 
candidates for high-end storage devices. 

Tractica estimates consumer AI-driven storage device revenue will grow from $137.2 million 
in 2016 to $8.18 billion by 2025. 

Chart 6.10 Consumer Artificial Intelligence-Driven Storage Devices Revenue by Region, World 
Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.3 CONSUMER ARTIFICIAL INTELLIGENCE SERVICES REVENUE 
Consumer AI systems will require a high level of professional services, particularly as they 
grow in applications involving personalization, decision-making, or any mission-critical task. 
Because they guide other systems and condition human behavior in ways other parts of the 
software stack do not, the revenue spent to support them will be even greater than what is 
spent on enterprise resource planning (ERP) or other transaction systems. As a result, 
revenue spent to install, train, customize, integrate, and support AI systems will likely be 
many times greater than the original purchase price of the AI software. 

Tractica estimates overall consumer AI-driven services revenue will grow from $899.3 million 
in 2016 to $12 billion by 2025. 

Chart 6.11 Consumer Artificial Intelligence Services Revenue by Region, World Markets:  
2016-2025 

 
(Source: Tractica) 
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Chart 6.12 Consumer Artificial Intelligence-Driven Services Revenue by Service Category, 
World Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.3.1 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN INSTALLATION SERVICES REVENUE  

Thanks to the advent of cloud computing, installation services will be concentrated in areas 
of political and geophysical stability where easy access to low-cost energy is available. Most 
installation services will be provided in North America, Western Europe, and Asia Pacific. 
On the other hand, geopolitical reality and national interests will require that AI systems be 
spread across all national boundaries, so there will be some demand everywhere in the 
world. The ratio of installation services will initially be the largest in North America, but 
eventually, Asia Pacific will surpass it and Western Europe. 

Tractica estimates consumer AI-driven installation services revenue will grow from $45 
million in 2016 to $600 billion by 2025. 

Chart 6.13 Consumer Artificial Intelligence-Driven Installation Services Revenue by Region, 
World Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.3.2 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN TRAINING SERVICES REVENUE  

AI and DL systems, in particular, require a high level of complex training to implement. This 
is true at both the technology and human levels; training DL models is highly compute-
intensive, as is training humans on value and methods for integrating (and trusting) DL 
models into workflows. In order to adapt both machines and people to this way of doing 
business, training revenue, in particular, will be significantly higher than traditional systems. 

Training is an area of services that will grow the fastest and will become the single biggest 
services category. Since the architecture of backwards-chaining neural nets used in DL 
systems requires significant amounts of data and GPU time to work, most training work will 
be done in the cloud, even if the AI system itself remains on-premise. Tractica expects most 
training services will be provided by computing clouds based in relatively concentrated areas 
in North America, Europe, and Asia Pacific. 

Tractica estimates consumer AI-driven training services revenue will grow from $161.9 
million in 2016 to $2.16 billion by 2025. 

Chart 6.14 Consumer Artificial Intelligence-Driven Training Services Revenue by Region, World 
Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.3.3 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN CUSTOMIZATION SERVICES REVENUE  

Consumer AI will require customization services, but relatively less compared to some other 
more mission-critical applications, as in automotive or defense sectors. Still, customization 
services will drive a significant amount of ancillary revenue associated with AI deployments. 
Most customization services will need to be provided on-premise. 

Tractica estimates consumer AI-driven customization services revenue will grow from $27 
million in 2016 to $360.1 million by 2025. 

Chart 6.15 Consumer Artificial Intelligence-Driven Customization Services Revenue by Region, 
World Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $50

 $100

 $150

 $200

 $250

 $300

 $350

 $400

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America

Europe

Asia Pacific

Latin America

Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

101 
 
 

6.3.3.4 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN APPLICATION INTEGRATION SERVICES REVENUE  

As consumer AI systems become more integral to consumer-facing businesses, they will be 
more and more integrated with other systems. This is true both internally with enterprise 
technologies, but also externally with other organizations and these applications will open 
up new service inroads and business model opportunities. Integration services will need to 
be provided both on-premise and in the cloud depending on the nature of the services.  

Tractica estimates consumer AI-driven application integration services revenue will grow 
from $575.6 million in 2016 to $7.68 billion by 2025. 

Chart 6.16 Consumer Artificial Intelligence-Driven Application Integration Services Revenue by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.3.3.5 CONSUMER ARTIFICIAL INTELLIGENCE-DRIVEN SUPPORT AND MAINTENANCE SERVICES REVENUE  

Maintenance and support will be key to the ongoing operation and enhancement of AI 
systems. In consumer AI, this support will not just apply to data, algorithms, and systems 
monitoring, but ever-increasingly to auditing and analysis of algorithmic decision-making that 
impact consumers. 

Tractica estimates consumer AI-driven maintenance and support services revenue will grow 
from $89.93 million in 2016 to $1.2 billion by 2025. 

Chart 6.17 Consumer Artificial Intelligence-Driven Support and Maintenance Services Revenue 
by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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Chart 6.18 Consumer Artificial Intelligence Software Revenue by Use Case, World Markets: 
2016-2025 

 
(Source: Tractica) 
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6.4.1 STATIC IMAGE RECOGNITION, CLASSIFICATION, AND TAGGING  
Tractica forecasts that the annual revenue for static image recognition, classification, and 
tagging in consumer AI will increase from $42.1 million worldwide in 2016 to $901.3 million 
in 2025. 

Chart 6.19 Consumer Artificial Intelligence Software Revenue for Static Image Recognition, 
Classification, and Tagging by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.2 VOICE/SPEECH RECOGNITION  
Tractica forecasts that the annual revenue for voice/speech recognition in consumer AI will 
increase from $18.5 million worldwide in 2016 to $872 million in 2025. 

Chart 6.20 Consumer Artificial Intelligence Software Revenue for Voice/Speech Recognition by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.3 SEARCH ENGINE QUERIES  
Tractica forecasts that the annual revenue for search engine queries in consumer AI will 
increase from $128.6 million worldwide in 2016 to $683.9 million in 2025. 

Chart 6.21 Consumer Artificial Intelligence Software Revenue for Search Engine Queries by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.4 MOVIE RECOMMENDATIONS  
Tractica forecasts that the annual revenue for movie recommendations in consumer AI will 
increase from $85.7 million worldwide in 2016 to $509.9 million in 2025. 

Chart 6.22 Consumer Artificial Intelligence Software Revenue for Movie Recommendations by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.5 SOCIAL MEDIA FEED CURATION  
Tractica forecasts that the annual revenue for social media feed curation in consumer AI will 
increase from $51.8 million worldwide in 2016 to $525.1 million in 2025. 

Chart 6.23 Consumer Artificial Intelligence Software Revenue for Social Media Feed Curation 
by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.6 TEXT-BASED AUTOMATED BOTS  
Tractica forecasts that the annual revenue for text-based automated bots in consumer AI will 
increase from $1.5 million worldwide in 2016 to $505.3 million in 2025. 

Chart 6.24 Consumer Artificial Intelligence Software Revenue for Text-Based Automated Bots 
by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.7 PRODUCT RECOMMENDATIONS  
Tractica forecasts that the annual revenue for product recommendations in consumer AI will 
increase from $27.8 million worldwide in 2016 to $394 million in 2025. 

Chart 6.25 Consumer Artificial Intelligence Software Revenue for Product Recommendations by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.8 PERSONALIZED HEALTH, FITNESS, AND WELLNESS IMPROVEMENT  
Tractica forecasts that the annual revenue for personalized health, fitness, and wellness 
improvement in consumer AI will increase from $13.1 million worldwide in 2016 to $353.5 
million in 2025. 

Chart 6.26 Consumer Artificial Intelligence Software Revenue for Personalized Health, Fitness, 
and Wellness by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.9 LANGUAGE TRANSLATION SERVICES  
Tractica forecasts that the annual revenue for language translation services in consumer AI 
will increase from $4.29 million worldwide in 2016 to $127.3 million in 2025. 

Chart 6.27 Consumer Artificial Intelligence Software Revenue for Language Translation 
Services by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.10 TRAVEL CONCIERGE AND BOOKING SERVICES  
Tractica forecasts that the annual revenue for travel concierge and booking services in 
consumer AI will increase from $2.47 million worldwide in 2017 to $124.3 million in 2025. 

Chart 6.28 Consumer Artificial Intelligence Software Revenue for Travel Concierge and Booking 
Services by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.11 MACHINE/VEHICULAR OBJECT DETECTION/IDENTIFICATION/AVOIDANCE  
Tractica forecasts that the annual revenue for machine/vehicular object detection/ 
identification/avoidance in consumer AI will increase from $2.18 million worldwide in 2017 to 
$76 million in 2025. 

Chart 6.29 Consumer Artificial Intelligence Software Revenue for Machine/Vehicular Object 
Detection/Identification/Avoidance by Region, World Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $10

 $20

 $30

 $40

 $50

 $60

 $70

 $80

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America

Europe

Asia Pacific

Latin America

Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

115 
 
 

6.4.12 MUSIC RECOMMENDATIONS  
Tractica forecasts that the annual revenue for music recommendations in consumer AI will 
increase from $10.2 million worldwide in 2016 to $49.47 million in 2025. 

Chart 6.30 Consumer Artificial Intelligence Software Revenue for Music Recommendations by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.13 CONTEXTUAL INTELLIGENCE FOR MOBILE  
Tractica forecasts that the annual revenue for contextual intelligence for mobile in consumer 
AI will increase from $2.16 million worldwide in 2016 to $55.3 million in 2025. 

Chart 6.31 Consumer Artificial Intelligence Software Revenue for Contextual Intelligence for 
Mobile by Region, World Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $10

 $20

 $30

 $40

 $50

 $60

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America

Europe

Asia Pacific

Latin America

Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

117 
 
 

6.4.14 PREDICTIVE TYPING ASSISTANTS  
Tractica forecasts that the annual revenue for predictive typing assistants in consumer AI 
will increase from $9.5 million worldwide in 2016 to $30.2 million in 2025. 

Chart 6.32 Consumer Artificial Intelligence Software Revenue for Predictive Typing Assistants 
by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.15 BUILDING GENERATIVE MODELS OF THE REAL WORLD  
Tractica forecasts that the annual revenue for building generative models of the real world 
in consumer AI will increase from $0.33 million worldwide in 2016 to $35.7 million in 2025. 

Chart 6.33 Consumer Artificial Intelligence Software Revenue for Building Generative Models of 
the Real World by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.16 LOCAL SEARCH AND DISCOVERY  
Tractica forecasts that the annual revenue for local search and discovery in consumer AI will 
increase from $0.82 million worldwide in 2016 to $33.1 million in 2025. 

Chart 6.34 Consumer Artificial Intelligence Software Revenue for Local Search and Discovery 
by Region, World Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $5

 $10

 $15

 $20

 $25

 $30

 $35

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America

Europe

Asia Pacific

Latin America

Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

120 
 
 

6.4.17 FACIAL RECOGNITION  
Tractica forecasts that the annual revenue for facial recognition in consumer AI will increase 
from $1.2 million worldwide in 2016 to $22.8 million in 2025. 

Chart 6.35 Consumer Artificial Intelligence Software Revenue for Facial Recognition by Region, 
World Markets: 2016-2025 

 
(Source: Tractica) 

  

 $-

 $5

 $10

 $15

 $20

 $25

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

North America
Europe
Asia Pacific
Latin America
Middle East & Africa

($
 M

ill
io

ns
)



 

Artificial Intelligence for Consumer Applications 
 

© 2017 Tractica LLC. All Rights Reserved. This publication may be used only as expressly permitted by license from Tractica LLC 
and may not otherwise by accessed or used, without the express written permission of Tractica LLC 
 

121 
 
 

6.4.18 CALENDAR, MEETING, EVENT SCHEDULING, AND REMINDERS  
Tractica forecasts that the annual revenue for calendar, meeting, event scheduling, and 
reminders in consumer AI will increase from $1.9 million worldwide in 2016 to $11.5 million 
in 2025. 

Chart 6.36 Consumer Artificial Intelligence Software Revenue for Calendar, Meeting, Event 
Scheduling, and Reminders by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.19 RELATIONSHIPS AND MATCHMAKING  
Tractica forecasts that the annual revenue for relationships and matchmaking in consumer 
AI will increase from $0.22 million worldwide in 2016 to $11.7 million in 2025. 

Chart 6.37 Consumer Artificial Intelligence Software Revenue for Relationships and 
Matchmaking by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.20 SMART OVEN CONTROL WITH FOOD RECOGNITION  
Tractica forecasts that the annual revenue for smart oven control with food recognition in 
consumer AI will increase from $0.02 million worldwide in 2016 to $6.13 million in 2025. 

Chart 6.38 Consumer AI Software Revenue for Smart Oven Control with Food Recognition by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.21 COMPUTER-AIDED ART  
Tractica forecasts that the annual revenue for computer aided art in consumer AI will 
increase from $0.09 million worldwide in 2017 to $4.61 million in 2025. 

Chart 6.39 Consumer Artificial Intelligence Software Revenue for Computer-Aided Art by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.22 AUTOMATED TOUR GUIDE AND ITINERARY SERVICES  
Tractica forecasts that the annual revenue for automated tour guide and itinerary services in 
consumer AI will increase from $0.03 million worldwide in 2016 to $0.97 million in 2025. 

Chart 6.40 Consumer Artificial Intelligence Software Revenue for Automated Tour Guide and 
Itinerary Services by Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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6.4.23 CHILD BEHAVIORAL ANALYTICS  
Tractica forecasts that the annual revenue for child behavioral analytics in consumer AI will 
increase from $0.02 worldwide in 2016 to $0.52 million in 2025. 

Chart 6.41 Consumer Artificial Intelligence Software Revenue for Child Behavior Analytics by 
Region, World Markets: 2016-2025 

 
(Source: Tractica) 
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SECTION 7 
KEY FINDINGS, RECOMMENDATIONS, AND CONCLUSION 

7.1 KEY TAKEAWAYS 
• AI will accelerate already rapid shifts in consumer expectations and demands: 

Given the volume and velocity of both data generation and now processing and 
analysis, AI will push consumer expectations further and faster. Voice recognition, 
service chatbots, and movie recommendations are all exemplary areas in which AI 
has pushed expectations already. 

• AI in consumer market most commonly used for real-time interaction 
improvement, wherein brands leverage AI to serve up hyper-relevant 
recommendations, to automate interactions à la chatbot, or personalize service 
experiences based on analyzing past, present, and predictive trends.  

• Consumer AI can be overt and visible or implicit and invisible: For consumers 
and end users, AI interactions like robotics or autonomously moving machines are 
obvious, even tangible; but AI can also support Big Data analysis, real-time 
responses, customer profile analysis, and many other partial or entirely invisible 
means of processing data. 

• AI suffers from consumer distrust, but is met with intrigue: Like many other 
emerging technologies, consumers view AI with a suspicious eye, particularly in 
areas concerning job displacement, surveillance, critical decision-making, and 
regulated industries like healthcare or financial services. However, non-human 
humanoids, such as robots or chatbots, spark intrigue and high expectations. 

• Consumer AI typically monetized indirectly, but opportunities are vast: AI 
technologies are widely applicable in consumer products and services, but not 
typically monetized directly. Instead, brands use consumer AI to reduce friction in 
interactions, inform efficiencies, achieve cost-savings, predict sales opportunities, or 
avert disasters. 

• Consumer AI will evolve, not as a silver bullet, but as an enabling technology 
that will drive the greatest disruption when applied in conjunction with other 
technologies, namely digital assistants, language processing, machine perception, 
Big Data, the IoT, cybersecurity, etc. 

7.2 RECOMMENDATIONS 
AI for consumer applications is both an enabler and a risk; a tool to enhance real-time and 
predictive interactions, but one to wield cautiously, with clear communications, metrics, and 
expectations, and in incremental steps. Tractica recommends that almost every consumer-
facing business, but especially businesses that deal with large amounts of data, begin 
piloting projects using AI to understand how it is different from other technologies. Begin with 
the following steps: 

• Invest in Understanding: Invest in time, guidance, and talent to educate internal 
stakeholders and leadership about AI, particularly areas of application, differentiation, 
overhype, controversy, and risk. 
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• Define the Problem: Begin not with AI, but with current pain points and problems. 
Know your highest-impact decision bottlenecks. ML is best applied to very specific 
questions and scoped problems, rather than general issues or experiments. 

• Conduct Market Research: Understand personas and customer segmentations 
intimately before applying AI to support or shift existing interactions; also understand 
sensitivities around the technology, automation more broadly, and provide immediate 
access or options for human support. 

• Prioritize Data Integrity: The old IT axiom, “trash in-trash out” is never truer or more 
important than in the context of AI. Regardless of familiarity with AI or data science, 
all enterprises should be prioritizing data cleansing, standardizing, consolidation, and 
formalizing processes to maintain and optimize data integrity of internal and external 
data sources. 

• Develop Talent: Regardless of the serious lack of talent in AI technical or ethical 
skillsets, enterprises should be forging new skill sets internally and aligning with 
external organizations (e.g., universities, consortia, open-source communities, etc.) 
to recruit talent. 

• Build Collaborations: Tap into open-source communities, consortia, partnerships, 
universities, etc., in order to foster collaborative ideation and development for AI 
initiatives. 

• Monitor, Manage, and Secure: Enterprises must constantly monitor and provide 
ongoing maintenance to AI models, as well as to other relevant operational analytics. 
For applications, set, monitor, and evolve key performance indicators (KPIs), and 
assess risks. Formalize relevant security requirements, such as identity 
authentication, access controls, auditing, and privacy assessments, related to both 
model development and performance. 

• Provide Training, Support, and Communications: It is also essential to coordinate 
necessary training and communications plans for the role of ML in employee, partner, 
and end-user workflows and experiences. 

7.3 CONCLUSION 
AI in consumer-facing applications enables new capabilities and ways of thinking, for brands, 
humans, and machines alike. It has the potential to drastically change how businesses 
operate. Perhaps more profoundly, it has the potential to change what it means to be human. 
Not only will consumers grow to expect the capabilities enabled by AI—machine perception, 
linguistic fluidity, and Big Data automation—in the products and services they consume, they 
will likely come to rely on its ability to augment their own capacities. As artificial and human 
intelligence grow increasingly intertwined, consumer AI stands to become synonymous with 
how people enhance their own intelligence, coordination, and execution in life and work. It 
is critical that we design, build, apply, and scale mindfully, with individual and institutional 
regard for risks, unintended consequences, societal benefit, and human empowerment.  
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SECTION 8 
ACRONYM AND ABBREVIATION LIST 

Advanced Driver Assistance System .................................................................................................... ADAS 

Amazon Machine Learning ...................................................................................................................... AML 

Amazon Web Services ............................................................................................................................ AWS 

Application Programming Interface ........................................................................................................... API 

Application-Specific Standard Processors ............................................................................................ ASSP 

Application-Specific Integrated Circuits .................................................................................................. ASIC 

Artificial General Intelligence..................................................................................................................... AGI 

Artificial Intelligence ..................................................................................................................................... AI 

Augmented Reality ..................................................................................................................................... AR 

Basic Neural Network Subroutines ....................................................................................................... BNNS 

Brick and Mortar ...................................................................................................................................... B&M 

Business-to-Business ............................................................................................................................... B2B 

Business-to-Business-to-Consumer .................................................................................................... B2B2C 

Business-to-Consumer ............................................................................................................................. B2C 

Centers for Disease Control .................................................................................................................... CDC 

Central Processing Unit  ..........................................................................................................................CPU 

Chief Executive Officer ............................................................................................................................ CEO 

Compound Annual Growth Rate ........................................................................................................... CAGR 

Computer Vision ......................................................................................................................................... CV 

Convolutional Neural Network ................................................................................................................ CNN 

Customer Experience ................................................................................................................................. CX 

Customer Relationship Management  ..................................................................................................... CRM 

Deep Learning ............................................................................................................................................. DL 

Deep Neural Network  ............................................................................................................................. DNN 

Differential Neural Computer ................................................................................................................... DNC 
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Enterprise Resource Planning ................................................................................................................. ERP 

Estimated Time of Arrival ......................................................................................................................... ETA 

Field Programmable Gate Array  .......................................................................................................... FPGA 

Gigabyte ..................................................................................................................................................... GB 

Global Data Protection Regulation (EU) ............................................................................................... GDPR 

Global Positioning System .......................................................................................................................GPS 

Graphics Processing Unit ........................................................................................................................ GPU 

Head-Mounted Display ............................................................................................................................ HMD 

High Definition ............................................................................................................................................ HD 

High-Performance Computing..................................................................................................................HPC 

Human Resources ..................................................................................................................................... HR 

Initial Public Offering ................................................................................................................................. IPO 

Intellectual Property ..................................................................................................................................... IP 

Interactive Voice Response ...................................................................................................................... IVR 

Internet of Things ....................................................................................................................................... IoT 

Information Technology  ............................................................................................................................... IT 

Key Performance Indicator ........................................................................................................................ KPI 

Light Detection and Ranging ................................................................................................................ LIDAR 

Machine Learning ....................................................................................................................................... ML 

Machine-to-Machine ................................................................................................................................ M2M 

Natural Language Processing .................................................................................................................. NLP 

New York University .................................................................................................................................NYU 

Operational Technology ............................................................................................................................. OT 

Operating System ...................................................................................................................................... OS 

Original Equipment Manufacturer  .......................................................................................................... OEM 

Personal Computer .................................................................................................................................... PC 

Personally Identifiable Information .............................................................................................................. PII 

Public Relations ......................................................................................................................................... PR 
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Question and Answer ...............................................................................................................................Q&A 

Recurrent Neural Networks ..................................................................................................................... RNN 

Research and Development.....................................................................................................................R&D 

Return on Investment ................................................................................................................................ ROI 

Small to Medium-Sized Business ........................................................................................................... SMB 

Short Messaging Service ........................................................................................................................ SMS 

Stock Keeping Unit ................................................................................................................................... SKU 

Software as a Service ............................................................................................................................ SaaS 

Software Development Kit ........................................................................................................................ SDK 

Television .................................................................................................................................................... TV 
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Campbell, CA 95008, USA 
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SECTION 12 
SCOPE OF STUDY 

This report examines the practical application of AI within consumer markets, for the forecast period of 2016 
to 2025. The report discusses the most common market enablers, barriers, and use cases for consumer AI 
and identifies those applications best suited for commercial use. Other industries may be addressed in the 
context of consumer-facing applications, but broad analysis of AI in non-consumer markets is beyond the 
scope of this report. The technologies covered include ML, DL, NLP, CV, machine reasoning, and strong 
AI, although most are discussed in the context of how various combinations support specific use cases. 
One of the challenges of creating forecasts in such a highly innovative field is that a technology not yet 
invented is likely to play a significant role during the time period (2016 to 2025) covered by this study. 
 
The accompanying databook forecasts revenue for consumer AI applications across geographic regions, 
technology subsets, and industry during the period from 2016 through 2025. The report also considers the 
impact that such technologies will have on the demand for services and hardware to support AI-based 
applications. 
 
 

SOURCES AND METHODOLOGY 

Tractica is an independent market research firm that provides industry participants and stakeholders with 
an objective, unbiased view of market dynamics and business opportunities within its coverage areas. The 
firm’s industry analysts are dedicated to presenting clear and actionable analysis to support business 
planning initiatives and go-to-market strategies, utilizing rigorous market research methodologies and 
without regard for technology hype or special interests including Tractica’s own client relationships. Within 
its market analysis, Tractica strives to offer conclusions and recommendations that reflect the most likely 
path of industry development, even when those views may be contrarian. 

The basis of Tractica’s analysis is primary research collected from a variety of sources including industry 
interviews, vendor briefings, product demonstrations, and quantitative and qualitative market research 
focused on consumer and business end-users. Industry analysts conduct interviews with representative 
groups of executives, technology practitioners, sales and marketing professionals, industry association 
personnel, government representatives, investors, consultants, and other industry stakeholders. Analysts 
are diligent in pursuing interviews with representatives from every part of the value chain in an effort to gain 
a comprehensive view of current market activity and future plans. Within the firm’s surveys and focus 
groups, respondent samples are carefully selected to ensure that they provide the most accurate possible 
view of demand dynamics within consumer and business markets, utilizing balanced and representative 
samples where appropriate and careful screening and qualification criteria in cases where the research 
topic requires a more targeted group of respondents. 

Tractica’s primary research is supplemented by the review and analysis of all secondary information 
available on the topic being studied, including company news and financial information, technology 
specifications, product attributes, government and economic data, industry reports and databases from 
third-party sources, case studies, and reference customers. As applicable, all secondary research sources 
are appropriately cited within the firm’s publications. 

All of Tractica’s research reports and other publications are carefully reviewed and scrutinized by the firm’s 
senior management team in an effort to ensure that research methodology is sound, all information provided 
is accurate, analyst assumptions are carefully documented, and conclusions are well-supported by facts. 
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Tractica is highly responsive to feedback from industry participants and, in the event errors in the firm’s 
research are identified and verified, such errors are corrected promptly. 

Chart 12.1 Tractica Research Methodology 

 
(Source: Tractica) 

 

NOTES 

CAGR refers to compound average annual growth rate, using the formula: 

CAGR = (End Year Value ÷ Start Year Value)(1/steps) – 1. 

CAGRs presented in the tables are for the entire timeframe in the title. Where data for fewer years are 
given, the CAGR is for the range presented. Where relevant, CAGRs for shorter timeframes may be given 
as well.  

Figures are based on the best estimates available at the time of calculation. Annual revenues, shipments, 
and sales are based on end-of-year figures unless otherwise noted. All values are expressed in year 2017 
U.S. dollars unless otherwise noted. Percentages may not add up to 100 due to rounding. 
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