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EXECUTIVE SUMMARY
In the years to come, Artificial Intelligence (AI) 
will change the way we work, travel, heal or 
shop. Machine learning algorithms driven by the 
ever-increasing amount of digital data generated 
not only by computers but also by home appli-
ances, cars or Internet of Things devices are able 
to assist us in a plethora of everyday activities. 
Advances made in machine learning, neural net-
works or computer vision have led to a situation 
where technology stops being a roadblock on the 
way to implementing AI solutions. In an grow-
ing number of cases it is the degree of readiness 
that a market, a legal system or society itself 
displays which can be an obstacle to deploying 
state-of-the-art technologies and related changes 
in how specific sectors function.

In many industries, Asia is nowadays experiencing 
a globally unique AI implementation in citizens’ 
daily lives. Research indicates that in the coming 
years this will also be the case for other regions, 
including Europe and Poland. Countries of Asia may 
be thought of as testing grounds for implement-
ing various AI solutions and business models they 
entail, and a laboratory for the impacts this has for 
the economy, the labour market or even culture. 
When looking at the Far East states, we can ask 
a straightforward question: what to do to speed 
up widespread AI deployment in our economy and 
to enhance its competitiveness this way? But also: 
how to prepare, learning from others’ mistakes, our 
society for large-scale AI implementation?

This report aims to explore the most important 
issues related not so much to how AI develops 
as to how it is implemented in the real economy. 
We decided to focus on three sectors – health, 
agriculture, transport – and the dynamics of 
their advances in Asian countries. At the same 
time, the reader of the publication is not going 
to find many examples coming from the coun-
try that is a regional or even global leader in AI 
development – China. It is a feature, not a bug. 
Our objective is to show that not only world 
leaders such as the People’s Republic of China 
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or the United States are capable of successfully 
implementing AI on a mass scale. The examples 
presented, from South Korea, Japan, Singapore 
or Malaysia, confirm that countries with market 
sizes, populations and GDP similar to those of 
Poland, Germany or Spain are able to take advan-
tage of an early adopter position in AI, too.

Machine learning  – a branch of AI and 
interdisciplinary science based in particu-
lar on such fields as information science, 
robotics and statistics. Its aim is to create 
automatic systems which self-optimise 
with the use of amassed experience (most 
frequently Big Data) and thus acquire new 
knowledge, thereby increasing the system’s 
capability to fulfil the allocated task.

ARTIFICIAL INTELLIGENCE IN HEALTH CARE 

AI undoubtedly has revolutionary consequences 
for the health care sector as it improves access 
to health services while reducing their cost and 
boosting treatment efficiency and effectiveness. 
It is estimated that the annual growth rate of 
expenditure in this field will be 4.1% in the years 
2017–2021, fuelled by the increasing percentage 
of the elderly, the growing economies of devel-
oping countries and the rising costs of labour. 
High (and still increasing) health care expenditure 
as well as, all too often, the systemic inefficiency 
of the sector give rise to the innovation poten-
tial which is being used by high tech pioneers. 
Global Market Insights estimates the size of the 
world’s AI market in the health sector to be 1.3 
billion dollars in 2018, to grow by 41.7% annu-
ally between 2019 and 2025. Smart solutions 
in health care sector appear in such domains as:

• early disease detection,

• diagnostics,

• drug discovery,

• decision-making support,

• treatment and therapy monitoring,

• elderly care systems.

Artificial neural networks  – a type of 
machine-learning technology inspired by the 
way in which neurons work in the human 
brain. These are computer programs which 
use numerous layers of nodes (or ‘neurons’), 
working in parallel, for learning, pattern rec-
ognition, and decision making.

AI-based solutions in health sector are wide open 
to accusations directed at the technology itself, 
especially since this field plays a vital role for soci-
ety. The challenges mentioned most often and the 
best practices meant to respond to them include:  

• Building high quality, well-structured and 
measurable databases.

• Establishing appropriate procedures and 
adopting a proactive, comprehensive stance 
to prevent breaches of confidentiality and 
security incidents.

• Reaching an adequate level of regulation and 
legal framework. This requires a balancing 
act between the necessary amount of patient 
protection and the need to innovate within 
the sector.

• Drawing a line that shows when the responsi-
bility rests with medical practitioners and when 
it does with a provider of AI-based solutions.
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• Adjusting a development strategy to distinc-
tive features that a given local market has.

Deep learning – a deep neural network 
that includes many node layers and big data 
processing. This advanced sort of machine 
learning makes solving complex, non-linear 
problems possible. It is deep learning that 
helps drive the progress of such technologies 
and solutions as natural language processing 
(NLP), chatbots, or autonomous vehicles.

Given the examples discussed in the report, future 
development of AI in health care apparently 
requires comprehensive cooperation between 
medical service providers, tech companies and the 
public sector. The case studies of early adopters 
from Asian states and the examples of technol-
ogies deployed in medical institutions provide 
an illustration of how such collaborations are shap-
ing up and suggest good practices regarding AI 
implementation in health care in different markets.

INTELLIGENT TRANSPORTATION

Computer vision  – a branch of information 
science which focuses on digital processing 
and analysis of images with object categorisa-
tion, conclusion drawing, and statistical data 
as its goals. Machine vision refers to imple-
menting computer vision in the industry. 

Smart mobility does not mean self-driving cars 
only – it is a highly complex issue, concern-
ing air traffic, railway, transporting people and 
freight, individual shipments and cargo shipping 
alike. Analyses of venture capital investments 
in 2018 suggest transportation companies actu-
ally attracted the main share of the global pool 
of 254 billion dollars for financing innovative 
start-ups and firms. As the research shows, the 
world’s self-driving car market alone is now esti-
mated to stand at 54.2 billion dollars. Intelligent 
Transportation involves four main fields of AI 
deployment:

• autonomous vehicles,

• aviation sector and autonomous aircraft, 

• railway AI,

• smart mobility management systems (among 
them, Mobility as a Service or MaaS models).

Predictive analytics – the process of extract-
ing information from existing data sets in 
order to recognise patterns and anticipate 
future events and trends. In business oper-
ations, predictive models and analyses are 
used to examine current and historical data 
to forecast consumer behaviour and identify 
potential threats and opportunities the com-
pany is facing.

The crucial elements of good practices regarding 
AI implementation in transport can be distilled 
from the experiences of the Asian countries dis-
cussed in the report:

• In-depth analysis of key medium- and 
long-term social and economic challenges, 
e.g. workforce shortage in a specific sector 
(public transportation) and of the role AI may 
play to deal with this problem.
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• Proactive approach by the state, which does 
not stop at investing public funds, but also 
takes targeted measures such as collaboration 
with international AI market leaders, start-up 
support or effecting changes in the higher 
education system.

• Establishment of dedicated test zones situated 
in actual urban space to serve the needs of 
particular services built on autonomous traffic.

• Creation of laws and regulations which are 
conducive to both AI development and 
AI-based business models. 

AI IN AGRICULTURE

Agricultural industry is kept under constant pres-
sure to seek more and more innovative solutions 
in order to improve land use, reduce its damag-
ing environmental impacts and, primarily, increase 
food production efficiency. In turn, this stimulates 
the demand for high tech in agriculture and for 
automation it brings. AI as a set of interdisciplinary 
solutions may cause a paradigm shift in the way 
today’s agriculture functions and is perceived. Food 
production can generate a wide range of data flow-
ing from various sensors which help better com-
prehend the environment (for instance cultivation, 
soil and weather conditions) and the very process 
(machine data), which serves to make farmers’ deci-
sion-making faster and more accurate. Application 
areas for AI in crop production can be put in three 
basic categories:

• crop management, including predictive anal-
ysis in agriculture, detection and control of 
weeds, pests and diseases, agricultural prod-
ucts QC, automated planting and harvesting,

• soil quality management and control,

• water management.

Big Data – resources of such size and com-
plexity that processing them with traditional, 
widely available analogue or digital methods 
becomes unattainable. The term also encom-
passes methods to analyse and extract aspects 
of knowledge from such data, uncovering its 
patterns, trends, regularities, and exceptions.

In light of such ample opportunities, the number 
of companies which offer AI solutions in agricul-
ture and of stakeholders interested in investment 
is growing steadily. Regrettably, the use of AI tech-
nologies in agricultural production and in rural 
areas, especially in the EU and Poland, is still very 
limited. Nor is it without its challenges, but the pos-
sibilities for European AgriTech informed by Asian 
countries’ experiences are interesting:

• Bridging the digital divide among farmers 
generated by unequal access to technology 
(that is computing power, Internet bandwidth 
and sophisticated software) and by lack of 
qualified staff. This can materialise through 
forming partnerships between technology 
owners from leading countries and agricul-
tural sectors in emerging markets.

• Establishing data collection, storage and 
access standards, as well as benchmarking 
and analysing aggregated agricultural data. 
Currently, farmers are unwilling to share 
information they glean on their farms and 
agrotechnical start-ups tend to build closed 
systems. Unrestricted banks of anonymised 
digital data in an open-source format can be 
an answer to this issue.

• Ensuring finance and support via AgriTech 
start-up accelerators/incubators to make 
the available AI technology market-ready 
and adapt proposed solutions to geographical 
zones and their particular microclimates.
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• Providing proper infrastructure and improving 
connectivity in rural areas, e.g. broadband 
Internet access, to tap into the full potential 
digital technologies offer.

Data lakes – repositories which hold vast 
amounts of raw data in their original formats. 
Unlike data warehouses, where data sets are 
arranged in files and directories, data lakes 
make use of flat, non-hierarchical struc-
ture. Each data element in a lake is assigned 
a unique identifier and is associated with 
a set of tags which form the metadata layer.
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ARTIFICIAL INTELLIGENCE 
IN HEALTH CARE
INTRODUCTION

Implementing AI-driven solutions in health-care 
sector brings truly revolutionary impacts, from 
early illness detection systems, through diagnos-
tics, decision-making, treatment process assis-
tance and precision surgery to care systems for 
senior citizens. Machine-learning algorithm use 
has the potential to considerably lower costs of 
care and treatment as well as to improve the qual-
ity of medical services, which will directly result 
in increasing societies’ prosperity. The way these 
solutions are implemented in the health sector 
in the years to come is going to be influenced by 
three key factors that affect the health service 
level – their cost, quality and accessibility1. The 
fact we are living in an era of population ageing is 
significant as well. This is a problem the countries 
with most advanced economies, such as Europe, 
the United States or Japan, face. In the European 
Union in 2017 almost one in five citizens (19%) 
was older than 65,2 whereas in Japan the per-
centage has for several years been the highest in 
the world, reaching 28.1% in 2017.3 AI can thus 
not only contribute to creating effective tools for 
providing health services to the ill, it may also help 
in caring for the elderly, a field which can soon 
become crucial for ageing populations. The World 
Health Organisation (WHO) admits digital tech-
nologies and AI are going to be fundamental fac-
tors to pave the way for achieving the three goals 
WHO set for the years 2019–2023: an addition 
1 billion people benefitting from universal health 
coverage, an additional 1 billion people better 
protected from health emergencies and an addi-
tional 1 billion people enjoying better health and 
well-being.4
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THE GLOBAL AI MARKET IN HEALTH SECTOR

The global spending on health care amounted to 
7.2 trillion dollars in 2015, which equals 10% of 
the world GDP.5 It is estimated the annual growth 
rate of expenditure in this field will be 4.1% in the 
years 2017–2021, fuelled mostly by the increas-
ing percentage of the elderly, the growing econo-
mies of developing countries and the rising costs 
of labour.6 High (and still increasing) health care 
expenditure as well as, all too often, the systemic 
inefficiency of the sector give rise to the innova-
tion potential which is being used by high tech 
pioneers. Global Market Insights estimates the 
size of the world’s AI market in the health sector 
to be 1.3 billion dollars in 2018, to grow by 41.7% 
annually between 2019 and 2025. According to 
this forecast, the market will be worth over 13 
billion dollars in 2025. The most dynamic growth, 
reaching 44.4% per year, will be experienced by 
the Asia-Pacific (APAC) region. The contributing 
factors are mostly the growing scientific research 
expenditure, the development of pharmaceutical 
and biotechnology companies and the increas-
ing demand for health services of higher quali-
ty.7 It should be noted that the countries which 
are leaders in designing and implementing AI 
solutions in the health sector are located in this 
region, including Japan, South Korea, Singapore 
and China. According to Accenture, annual savings 
stemming from AI use in the sector will reach 150 
billion dollars by 2026 in the US alone.8 The field 
is also enjoying a growing number of start-ups and 
an increasing presence of venture capital invest-
ments. KPMG estimates that in 2017 VC invest-
ments in health AI amounted to almost 1.3 billion 
dollars.9 The primary reason is the fact that health 
care is marked by a large number of repeatable 
and somewhat routine activities such as the inter-
pretation of radiological examinations. Moreover, 
the potential customer base for AI solutions is 
very large (patients, doctors, medical staff, institu-
tions, suppliers, pharmaceutical companies, insur-
ers), which also makes the market more attractive. 
In five years (2013–2018) start-ups that develop 
health care AI solutions received record-breaking 

4.3 billion dollars in funding, which gave them the 
top spot among AI-related sectors.10 A CB Insights 
report points to a clear trend regarding grow-
ing investment from pharmaceutical companies. 
Recently the biggest market players11 entered 
into agreements with AI start-ups to develop new 
medicines, e.g. for oncology and cardiology treat-
ment. Despite there being little tangible evidence 
for the success of these start-ups, pharmaceutical 
companies do spend millions of dollars on them.12 
The above data regarding the size of this market, 
its projected growth, investments, increasing 
computing power and high quality databases as 
well as the factors influencing the future shape 
of health care undoubtedly show that AI solutions 
are going to progress and to offset both ineffi-
ciency and insufficient innovation.

AREAS OF APPLICATION

Wide use of AI in health care is to a large extent 
related to the following five factors:13

• Increasing costs of health care related to the 
ageing of population and the growing inci-
dence of chronic conditions.

• A notable increase in the amount of digital data.

• The growth of IT in health care, from the 
advances in medical product innovations, 
through big data analysis and wearables 
to robotics, AI and augmented reality.

• The headway in mobile digital technologies 
that help manage health and well-being.

• The growing care society takes to ensure 
health and well-being.

With the above factors and an analysis of the 
available sources and reports taken into con-
sideration, what follows are six fields where 
the efforts in health care AI solutions are mostly 
channelled: early detection, diagnostics, drug 
development, decision-making support, treat-
ment and therapy monitoring, elderly care sys-
tems (including virtual assistants).
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EARLY DETECTION

To begin treatment at an early stage of a disease 
is vitally important and in many cases decisive for 
the patient’s further life and health as it often gives 
a chance for a complete recovery. AI algorithms 
are able to detect anomalies in test results with 
more personalised profiling and oftentimes more 
precision than physicians. To give an example, even 
such information as decreasing speed of tapping 
the smartphone touch screen may serve as a factor 
that reveals a disease.14 Wearable medical devices 
that monitor and analyse a patient’s condition in 
real time using AI algorithms can also contribute 
to detecting anomalies at very early, often curable, 
stages of a disease.

AI algorithms are already finding their use in diag-
nosing such conditions as:

• Heart diseases – thanks to the use of AI 
algorithms in electrocardiograms (ECG) 
it is possible to detect Asymptomatic Left 
Ventricular Dysfunction (ALVD) and to 
identify people who are at risk of developing 
ALVD in the future. The condition is present 
in 3 to 6% of the population and may lead 
to heart failure.15

• Dementia and Alzheimer’s – thanks to analys-
ing the results of non-invasive brain imaging 
method (such as magnetic resonance) an AI 
algorithm is able to detect early symptoms of 
dementia.16 It is often ineffective to begin treat-
ment for Alzheimer’s disease at the stage when 
symptoms are already visible, and the result is 
permanent, irreversible brain damage. Detecting 
the condition at an early stage also makes 
it possible to potentially find better methods 
to slow down or even stop its progression.17

• Cancer – thanks to synthesising the data 
on patients‘ lifestyle, medical histories and 
genetic risks, the algorithms are able to deter-
mine the type of examination which should 
be conducted.18 AI may analyse radiological 
images as well, interpreting the images with 
greater accuracy than doctors.19

• Tuberculosis – detecting the initial stage 
of TB is possible on the basis of chest 
radiographs, that is X-ray results. Owing to 
a significant decrease in digital radiography 
equipment cost and the arrival of algorithms 
that are capable of analysing test results with 
considerable accuracy, combating this disease 
effectively is now possible.20

• Epidemic prediction – drawing on the analysis 
of social networking sites, local press reports, 
medical staff social networks and government 
portals, algorithms are capable of alerting that 
a specific disease is spreading rapidly. This 
was the case with, for instance, the outbreak 
of Ebola haemorrhagic fever in Central and 
Western Africa.21

Niramai

Breast cancer still remains the leading cause 
of cancer-related deaths among women. 
According to WHO data as many as 1 in 12 
women is at risk of suffering from it. In India 
the survival rate of females who develop 
breast cancer is only around 50% and early 
diagnosis is crucial to increase this number. 
To meet this need, a tool named Niramai has 
been built in India.22 The company designed 
a portable device, easy to use for any doctor, 
for automatic screening aimed to diagnose 
breast cancer. Test results suggests that 
Niramai is 27% more accurate than mam-
mograms and is able to detect non-palpa-
ble tumours with 4 mm diameter. With its 
SMILE (Software with Machine Intelligence 
for Life Enhancement) web-based interface, 
the patient and the physician get access to 
an automatically generated report that con-
tains data on thermal analysis of the image 
to indicate potential anomalies.
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 The tool has already been tested with more 
than four thousand women in twelve hospi-
tals and diagnostic centres.

Niramai, thanks to the Bill & Melinda Gates 
Foundation support, is also about to develop 
an AI-assisted tool to control the spread 
of river blindness. AI is going to be used to 
predict and detect the presence of parasitic 
Onchocerca volvulus worms, which directly 
cause river blindness.23

DIAGNOSTICS

Giving the correct diagnosis is undoubtedly the 
cornerstone of effective therapy. According to 
the US National Academies’ Institute of Medicine, 
wrong diagnoses factor in approximately 10% 
of patient deaths and cause from 6 to 17% of 
adverse events in hospitals.24 Diagnostic errors, 
including false positives, result in unnecessary 
additional testing, which involves costs and avoid-
able stress in patients. Their main causes are 
thought to be: inefficient integration of IT tools, 
ineffective communication between physicians, 
patients and their families and systemic inade-
quacies of diagnostic processes.25 Misdiagnoses 
are the principal reason for malpractice compen-
sation as well.26 Computerised diagnostic tools, 
not following any subjective assumptions (unlike 
humans), are doubtless a great help for health care 
workers.27 The solutions offered by IBM’s super-
fast Watson computer system are increasingly 
being implemented in Asian hospitals in countries 
such as Indonesia, Malaysia, Bangladesh, Taiwan, 
India, Thailand and China.28 The ever-growing 
computational power allows for analysing more 
and more complex cases as it pinpoints analogies 
that are invisible for the human eye and human 
understanding. South Korean Samsung, the leader 
in the field of diagnostic imaging, is one company 
that is deploying AI algorithms in a number of its 
solutions. They help perform ultrasound analy-
sis to detect breast tumours, computer analysis 
to detect lung tumours, computer tomography, 

magnetic resonance imaging and support lesion 
classifications.29 Canon, a Japanese company that 
specialises in manufacturing diagnostic imaging 
equipment, is also starting to make use of AI in 
its solutions.30 Around one third of AI firms which 
offer SaaS services in the health sector actu-
ally focus exclusively or partly on diagnostics. 
The solutions they offer are:31

• chatbots with speech recognition functionality 
that identify patterns in patients‘ symptoms,

• cancerous tissue recognition,

• analysis of laboratory data on body fluid 
samples,

• detection of rare genetic conditions with the 
use of face recognition software.

Lunit

The company named Lunit, formed in South 
Korea, offers a set of AI-based diagnostic tools. 
They include Lunit Insight CXR-Nodule32 for 
chest image analysis. The tool initially gath-
ers information on the location of detected 
changes in the form of heat maps and then 
assesses the probability that a detected change 
is abnormal. Lunit recommends using such 
a diagnostic method to interpret the results as 
a so-called Second Reader.

Below, an example of a correctly detected 
lung cancer with a 96% probability the 
change is pathological. The tumour went 
undetected by 5 out of 9 radiologists.

Another tool offered by the company, Lunit 
Insight MMG,33 analyses mammography 
images to detect breast cancer. Estimates 
indicate it can potentially improve doctors’ 
assessments (including false positive diagno-
ses) by approximately 10%.
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It is worth noting that Korean hospitals are 
keen to implement AI technologies. A good 
example is the cooperation between Samsung 
Medical Center and Lunit. The facility is plan-
ning to establish a system to support diagnos-
tic processes to develop disease prediction 
models and optimise medical professionals’ 
decision-making.34 Samsung Medical Center 
also announced its cooperation with Microsoft 
Korea, the provider of AI-based cloud-com-
puting platform Azure.35

DRUG DEVELOPMENT

On average, developing a new drug may cost as 
much as 2.5 billion dollars and take over 10 years. 
Small wonder that companies are working to find 
a more efficient and cost-effective way to come 
up with new medicines. AI can speed this process 
up even as it reduces the percentage of research 
dead ends and thus makes better solutions pos-
sible.36 2018 was the year of significant growth 

in investments and partnerships between pharma-
ceuticals and start-ups. The growth of VC invest-
ments was notably dynamic, which indicates the 
rising attractiveness of the sector. Pharmaceutical 
industry uses AI to search for immunotherapy 
drugs, treatments for metabolic diseases and 
cancer.37 AI clearly offers a host of opportunities, 
yet as of today there is still no drug developed 
with the help of AI and approved by any of the 
key institutions overseeing the medicine market. 
Also, the experts emphasise that although AI can 
support almost every stage of the drug develop-
ment process, streamlining and accelerating R&D, 
it cannot replace the testing phase involving clini-
cal trials or chemical synthesis.38

Engine Biosciences

Engine Biosciences, a company based in 
Singapore and San Francisco, aims to acceler-
ate the drug development process, lower its 
costs and ensure higher scalability.39 It focuses 
on building an AI-based biomedicine platform 
to allow scientists to discover gene interac-
tions and biological networks underpinning 
various diseases and to pave the way for pre-
cision medicine applications. The company has 
already been successful in treating neurode-
generative, autoimmune and skin diseases.

Last year Engine Biosciences secured funding 
of USD 10 million, which was one of the best 
results in a seed round in the medical sector 
in South-East Asia.40

DECISION-MAKING SUPPORT

Right decisions made at the right time are essen-
tial for effective treatment process. The cur-
rent progress of clinical decision support sys-
tems (CDSS), including intelligent ones (ICDSS) 
is leading to increased decision-making accu-
racy. Due to their ability to analyse much more 
data in less time, they can improve the efficiency 
of everyday activities in health care.  
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These systems assist medical staff, using real-
time data from monitoring devices, patient and 
family medical history and reviews of similar 
traits and trends in health record databases. 
Some of their application areas can be: suggest-
ing adjustments in planned therapy, discovering 
adverse changes in patient’s health and sug-
gesting required intervention, proposing imag-
ing sequence to minimise harmful radiation.41 
AI therefore acts as a tool which augments 
a doctor’s mind and experience.

TREATMENT AND THERAPY MONITORING

Apart from helping to identify a condition, AI can 
also assist physicians in customising the proper 
and complex treatment approach, coordinate 
health care and support patients in observing 
their treatment regime.42 In particular, the wear-
ables market (devices that are worn and able to 
monitor certain health parameters) is experienc-
ing a dynamic growth with 8.3% rise year on year 
in 2018 and nearly 28 million units sold in the 
second quarter of 2018.43 Such devices are capa-
ble of tracking movement throughout the day, 
monitoring heart rate, sleep quantity and quality 
and offering more advanced options such as ECG 
testing. Appropriately analysing the ever-growing 
amount of data from these devices may also lead 
to identifying trends that suggest anomalies and 
health conditions.44 Even though such devices 
are unlikely to replace medical check-ups in the 
foreseeable future, they can provide their users 
with basic data and allow doctors to remotely 
monitor patients. Quite often it is not possible 
to reproduce actual stimuli in a clinical setting 
(e.g. in heart examination), which yields unrelia-
ble results. South Korea plans to set up an entire 
AI-based health institution – Medical AI Center. 
The facility will be established by 2022 in the city 
of Yongin in cooperation with three hospitals: 
Severance, Gangnam and Yongin. Comprehensive 
medical infrastructure involving AI is going to be 
used for diagnosis, treatment and patient care. The 
investment is estimated to create over 4000 jobs.45

Biofourmis

Biofourmis is a Singapore company which 
offers a personalised and smart tool to mon-
itor patient health – Biovitalis Analytics 
Engine.46 It is meant to predict and prevent 
life- and health-threatening events. The sys-
tem, apart from emergency warnings, reduces 
the number of repeated hospital stays and 
doctor’s appointments as well. It is used in 
chronic diseases, such as heart failure or 
respiratory conditions; it also monitors the 
effect of prescribed treatment (e.g. a specific 
drug dose) on the patient’s health and makes 
remote verification and potential dosage 
adjustment possible.

Biofourmis offers other AI tools, too.
One of them is a cloud-based platform 
RhytmAnalytics, which helps detect arrhyth-
mia from heart monitoring device data (such 
as Holter or MCT).

Neofect

Japanese company Neofect offers a set of 
smart rehabilitation solutions.47 Its RAPAEL 
tool, designed for patients with neurolog-
ical and musculoskeletal injuries, provides 
a chance of rehabilitation at home with port-
able and lightweight equipment. The thera-
pies are tailored to individual needs and offer 
interactive exercises to stimulate muscles, 
sight and hearing in order to restore cogni-
tive functions and accelerate the rehabili-
tation process. RAPAEL uses a sensor-en-
hanced Smart Glove and a Smart Board for 
patients with shoulder joint or elbow joint 
issues. It also provides a cognitive rehabili-
tation solution (Rapael Cognition) for those 
suffering from strokes, traumatic brain inju-
ries, cerebral palsy and dementia.
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ELDERLY CARE SYSTEMS

The increasing percentage of aged population 
and the accompanying diseases of civilisation are 
another important realm where AI may be used. 
Contemporary societies live longer, die of other 
diseases than before, and people at the end of 
their lifespans are very often afflicted with loneli-
ness. Systems designed to counteract this can help 
the elderly maintain their independence longer, 
reduce the need for hospitalisation and for carers 
or nurses. To address the loneliness issue, there 
are humanoid robots and virtual assistants that 
generate various interactions – they speak, under-
stand when spoken to, remind the user about 
meetings, shopping, finally check basic health 
parameters. In the case of an emergency they 
notify the family or the doctor.48 Their presence 
may be particularly helpful, since there is a short-
age of qualified carers who could accompany single 
people in need of daily assistance and the demand 
for such minders is only going to grow as the popu-
lation keeps ageing.49 Released from hospitals, the 
elderly who live alone and need further treatment 
frequently become unmotivated and stop taking 
medication. Hence, virtual assistant systems can be 
a successful remedy to this problem.50

Japan’s Society 5.0 strategy

Population ageing is an especially acute prob-
lem in Japan, where almost 30% of society is 
over 65 years old. The government initiative, 
so called Society 5.0, is meant to create society 
that makes the most of the innovations the 
present industrial revolution brings.51 At the 
same time it tackles contemporary problems 
such as pollution levels or the ever-increasing 
percentage of senior citizens. Japan aspires to 
become a world leader in building ‘super intel-
ligent’ society and strives to set an example for 
other countries to follow. 

Furthermore, the Japanese government 
announced it would set up comprehensive 
medical AI-enhanced institutions. The initia-
tive aims to address the insufficient number 
of doctors and nurses, reduce health care 
spending and optimise diagnostics. These 
investments are planned to cost around 100 
million dollars and end in opening 10 facili-
ties of this kind.52

The initiative is based on four pillars: 
health, mobility, infrastructure and Fintech; 
it envisages a large-scale implementation 
of AI-based solutions, including smart 
home appliances, robot carers for the ill 
and the elderly, smart agriculture machines 
or self-driving transportation.

MJI Robotics

The Japanese company MJI Robotics wants 
to confront the problem of population age-
ing and single-person households increasing 
in number.53 Founded in 2015, it specialises 
in designing and producing robot assis-
tants. One of its solutions is a small robot 
called Tapia, based on the Android OS and 
featuring a camera, microphone, speaker 
and touch screen. Tapia is able to recognise 
a face and a voice, organise and plan the day, 
be in charge of the calendar, make phone 
calls, check weather forecasts, play music, 
show films, read texts, conduct conversa-
tions and monitor health. Third parties can 
also access the camera to control whether 
their loved one who is ill or elderly is not in 
a life- or health-threatening situation. MJI 
Robotics solutions can also find their use in 
hotels. A robot concierge offers their guests 
a chance to control the devices (A/C, TV, 
lighting) with voice commands.
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AI IN HEALTH CARE – CHALLENGES AND 
RECOMMENDATIONS

Any new technology and its widespread deployment 
comes with its own set of challenges. It is no different 
with AI in the health care sector, especially as due 
to its vital role for society this field is wide open to 
accusations directed at the technology itself. The 
AI-related challenges mentioned most often include:

• High quality, well-structured and measurable 
data – they are indispensable for AI algorithms 
functioning correctly and effectively. It is 
particularly important for the training and test 
data sets to reflect the actual data as they 
are building blocks for the solutions.54. The 
challenges for health sector data are related 
to such issues as:55

 ○ data storage in different systems, institu-
tions and incompatible formats,

 ○ inconsistencies in storing electronic medi-
cal records,

 ○ lack of consensus among doctors regard-
ing disease symptoms,

 ○ high data complexity in comparison with 
other sectors,

 ○ changing regulatory and legal 
environment.

• Concerns over privacy and cybersecurity of 
the available solutions – given that what is 
at stake here is human health and life, there 
is no room for any compromise. Therefore, 
it becomes necessary to establish appropriate 
procedures and adopt a proactive and com-
prehensive stance to prevent breaches of con-
fidentiality or security incidents. As the number 
of cyberattacks on health facilities, including 
ransomware, is on the rise, the issue is even 
more critical.56 One of the largest attacks of 
this kind, WannaCry in 2017, strongly affected 
the British health care.57 Implementing state-
of-the-art and increasingly complex technol-
ogies, AI included, increases the surface for 

potential cyberattacks. Security measures for 
prevention purposes should thus be introduced 
and should complement every deployment 
of such solutions.

• The adequate level of regulation and legal 
framework, which is going to require striking 
a balance between the necessary amount 
of patient protection and the need to inno-
vate in the sector.58

• Responsibility for decisions and possible errors 
or damages caused by AI algorithm-based 
solutions – a line has to be drawn to distin-
guish when the responsibility rests with med-
ical practitioners and when it does with an AI 
system provider.59 What should be borne 
in mind is that AI solutions are prone to the 
‘black box’ problem, where the input is known 
but the particular steps taken by software 
to reach a certain decision can’t always be 
reproduced. This presents serious difficulties 
in determining the reasons for a decision if 
it is wrong.60

• Scalability to other markets – every market 
has distinctive feature such as language or 
culture, it also imposes different demands, 
which prompts the need for AI solution pro-
viders to develop numerous strategies when 
they wish to grow internationally.61
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SUMMARY

Given the examples mentioned in this chapter, 
future development of AI in health care apparently 
requires comprehensive cooperation between 
medical service providers, tech companies 
and the public sector. The case studies of early 
adopters from Asian states and the examples 
of technologies deployed in medical institutions 
provide a sort of illustration of how such 
collaborations are shaping up and suggest 
good practices regarding AI implementation in 
health care in local markets. For all that, years of 
deployments are still needed to assess accurately 
the AI’s impact on this sector or on the quality 
of its services and to allow for a comprehensive 
evaluation of the outcomes it produces and the 
influence it exerts.
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INTELLIGENT 
TRANSPORTATION
INTRODUCTION

On 5 August 1888, Bertha Benz, the wife of con-
structor Karl Benz, set off on the first long-dis-
tance car ride in history. The 106 kilometre trip 
from Mannheim to Pforzheim took her over 15 
hours, forever changing history of transportation. 
9 October 2005, autonomous vehicle Stanley, built 
by a Stanford University team, was the first to cross 
the finishing line of a 212 kilometre DARPA Grand 
Challenge race, whose route passed through the 
Mojave desert in California. It was the first race for 
driverless cars with algorithms behind the wheel.62 
We are now witnessing a sea change in 21st-cen-
tury travel, and this competition was but one of 
the first steps on this path. This evolution would 
not have been possible without vast amount of 
digital data – yet it is only AI, running on data just 
as an engine runs on fuel, that lets us actually think 
of intelligent transportation systems.

Intelligent mobility does not mean self-driving cars 
only – it is a highly complex issue, concerning air 
traffic, railway network, transporting people and 
freight, individual shipments and cargo shipping 
alike. At least four levels where AI is already chang-
ing transportation patterns can be discerned:

• object of transportation (e.g. a user, 
a shipment),

• mode of transport (e.g. a vehicle, a train, 
a drone),

• transport means subsystem (e.g.. a tram with 
its rails, stops and traction),

• transport system (the whole transport infra-
structure and its user base over a given area, 
e.g. in a city).

To sum up, intelligent transportation systems (ITS) 
will change not only whether, when, in what way 
and in what vehicle we travel but also how we 
comprehend mobility in a wider social and eco-
nomic context. 



22

ARTIFICIAL INTELLIGENCE 
Asian Periscope

THE GLOBAL INTELLIGENT 
TRANSPORTATION MARKET

Venture Capital investment analyses for 2018 
suggest that transportation companies actually 
attracted the main share of the global 254-bil-
lion-dollar pool for financing innovative start-
ups and firms. This data point, in conjunction 
with the fact that AI is at the same time the 
most exciting technology for VC in any sector, 
the dynamic growth of intelligent transport market 
discussed below is completely understandable.63

Currently, the sector capturing most of attention, 
especially from investors and producers, is the 
autonomous car market. 13 out of 14 largest car 
manufacturers in the world announced they were 
planning to produce such vehicles, while 12 out of 
14 largest technology companies indicate they are 
planning to offer equipment or software for driv-
erless cars.64 As the research shows, this market is 
now estimated to stand at 54.23 billion dollars.

Projected compound annual growth rate (CAGR) 
of 39.47% in 2019–2026 is supposed to drive this 
value up to over 550 billion dollars at the end of 
the period.65 A variety of reports indicate that the 
growth in the autonomous vehicle market is going 
to be most impressive in the Asia-Pacific region, 
aided by such factors as infrastructure capabilities, 
favourable legal framework and consumer readi-
ness.66 In the years to come, the particulars of the 
sector are also likely to change. Cars may be char-
acterised by varying levels of automation on a scale 
of 1 to 5, where 5 means complete autonomy.

In 2017, more than 88% of cars on the market were 
only level 1 vehicles, fitted with Advanced Driver 
Assistance Systems (ADAS). ADAS sector revenue 
is estimated to double by 2021, reaching the value 
of 35 billion dollars a year globally.67 But this is just 
the beginning. Projection show that between 2020 
and 2028, it is level 4, in fact currently unavailable 
on the market, that will experience the highest 
growth, at a rate exceeding 97% CAGR.68

1 2 3 4 5
The vehicle is 
equipped with an 
Advanced Driver 
Assistance System 
(ADAS), which can 
carry out one 
particular task at 
once: control car 
position and speed 
or issue a collision 
warning.

The vehicle is 
equipped with an 
Advanced Driver 
Assistance System 
(ADAS) able to assist 
in two or more tasks 
simultaneously, e.g. 
automatic emergency 
braking. 

An Automated 
Driving System 
(ADS), performs all 
driving tasks. 
Normally, the driver 
need not be ready 
to take back control 
while driving.

An Automated 
Driving System 
(ADS) does all the 
driving, a steering 
wheel does not need 
to be present and 
occupants are simply 
passengers. 

The car has an 
Automated Driving 
System (ADS) able 
to perform a number 
of driving actions 
independently. The 
driver must be ready 
to take back control 
at any time.

Source: United States Department of Transportation, Automated Vehicles for Safety, [online:] https://www.nhtsa.gov/
technology-innovation/automated-vehicles-safety.

Figure 1. Five car automation levels
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 A brand new market for autonomous car-gener-
ated data will then develop in parallel, worth, esti-
mates say, as much as 750 billion dollars in 2030.69

Autonomous aircraft and vessel systems are also 
a market that grows in importance. The former, 
including not only small-size aircraft but also, e.g., 
flying taxis, was estimated to be over USD 20 bil-
lion globally in 2018.70 Unmanned aerial vehicles 
(UAVs) are also the largest segment in the autono-
mous robot market as they account for 44% of it. 
The autonomous ship market, estimated to be 
worth USD 6.1 billion globally, clearly shows 
lower growth dynamics71. Autonomous tram-
ways and trains should be noted as well. Despite 
their somewhat limited growth in the upcoming 
decades, with global CAGR of 4–7%, they are pro-
jected to display the most dynamic growth, up to 
20–30%, in Asia.72

Mobility management for both people and goods 
is another field where AI is rewriting the rule-
book. The intelligent transportation systems 
market, with the ability to manage traffic, freight 
forwarding and transport prices and advanced 
traveller information systems, was estimated 
to be worth 23 billion dollars globally in 2018.73 
In recent years, the ride-sharing industry, increas-
ingly implementing AI solutions, has shown very 
dynamic growth. Propelled by international brands 
such as Uber or local leaders such as Grab in Asia, 
ride-hailing services reached the value of over 61 
billion dollars in 2018.74

AI IN TRANSPORT – AREAS OF APPLICATION

The residents of the most congested cities in the 
world spend, on average, over 100 hours a year 
stuck in traffic. Asian Development Bank esti-
mates that in Asia alone the transportation system 
congestion is an issue which generates losses 
amounting to 2–5% of GDP. In light of these chal-
lenges, the following part of the chapter presents 
four sectors in which AI is already helping opti-
mise or often actually redefine transport. They 
are: autonomous cars, aviation and UAVs, railway 
AI and ITSs. As the McKinsey Global Institute 
analysis shows, proactive implementation 

of AI in transportation and logistics in 10 ASEAN 
(Association of South-East Asian Nations) alone75 
may yield more than 108 billion dollars for their 
national economies.

AUTONOMOUS CARS

During its entire exploitation period, a tradi-
tional car spends on average over 96% of time 
parked. Some claim that for that reason ‘a park-
ing machine’ would be a more fitting name for 
it.76 Researchers predict that a fully autonomous 
vehicle (AV) used in a redesigned transportation 
system might attain a utilisation level, time-wise, 
of up to 75% (nearly 19 times more!).77 Resource 
optimisation, in the sense of vehicles and car 
parks, is just one reason the AV sector is experi-
encing such an explosive growth; others include 
generating additional free time when travelling 
as the need to focus on driving disappears and 
lowering the number of accidents or collisions.

Asian countries are among the leaders in terms 
of both readiness to introduce AVs and the pace 
at which transport services afforded by AVs are 
introduced. A global ranking prepared by KPMG 
International put such countries as Singapore 
(2nd place), South Korea (10th) or Japan (11th) 
at the top.78

Singapore: public policy towards AVs

A strategic decision at the central administra-
tion level, pursued consistently in coopera-
tion with automotive and IT companies, was 
Singapore’s recipe for success in the race to 
implement disruptive innovations offered 
by driverless transport. As early as 2014, 
Singapore Autonomous Vehicle Initiative was 
launched79 and the strategic Smart Mobility 
2030 plan was adopted, with provisions 
for collaboration among three stakeholder 
groups: government, commercial enterprises 
and universities.80 
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To give an example of such partnership, 
Singapore-MIT Alliance for Research and 
Technology (SMART) is a research centre 
jointly run by the country’s National Research 
Foundation and Massachusetts Institute of 
Technology. The only MIT’s R&D centre outside 
the US, SMART has fittingly named one of its 
key projects Future Urban Mobility.81 In 2017, 
amendments to the Road Traffic Act allowed 
‘autonomous motor vehicles’ to be trialled on 
public roads, while prescribing necessary safety 
measures, e.g. record-keeping of all events 
related to such vehicles to be able to investi-
gate in case of collisions or crashes.82 Consumer 
acceptance surveys confirm that Singapore 
citizens trust not only technology but also legal 
regulations as they are more open to using AV 
services than other societies in the world.83

Asian companies are actively developing their tech-
nological base as regards AVs. During the 2018 
Winter Olympics in South Korea, Hyundai show-
cased its autonomous SUV Nexo; before the opening 
ceremony, the car drove 190 kilometres down the 
highway from Seoul to Pyeongchang.84 The Korean 
manufacturer aims to improve the model so that 
in 2021 hydrogen-powered Nexo would reach the 
fourth level of automation.85 Using Hyundai cars, 
Samsung is developing its AV technology as well, 
having obtained a permit to begin road tests in 
South Korea in 2017 and having bought Harman, 
an American audio and navigation manufacturer.
Meanwhile, the Japanese government is intend-
ing to make an AV system available for the Tokyo 
2020 Summer Olympics participants and mar-
ket-ready just two years later.86 Honda – which 
initially planned to start cooperating with Waymo, 
Alphabet’s subsidiary,87 to achieve level 4 auton-
omy – finally decided to invest over 2 billion dollars 
in the AV project by General Motors88. Interestingly, 
Waymo itself is now in possession of the AV fleet 
which logged in more test miles than any competitor 
worldwide, having passed 10-million-mile mark (over 
16 million km) at the end of 2018.89

South Korea: K-City

At the end of 2018, the world’s largest AV 
test bed has completed its construction in 
South Korea. An artificial city with the size of 
over 360 000 sq. m was built by the Korean 
government for over 10 million dollars.90 
K-City includes both urban areas – a busi-
ness centre, a car park, tree-lined boulevards, 
shopping streets – and a motorway or a level 
crossing. 35 different road environments are 
together supposed to help in testing AVs of 
up to level 4. In the subsequent expansion 
phase, an infrastructure for simulating various 
weather conditions is planned, ranging from 
rain to snow and hail to mist. The coopera-
tion framework with Samsung involves adding 
4G and 5G infrastructure that allows a vehi-
cle to communicate with both the infrastruc-
ture (called vehicle to infrastructure or V2I) and 
other vehicles (V2V) or the infrastructure to 
communicate with a vehicle (I2V).91

Consumer market notwithstanding, AVs are also 
going to be revolutionary in other sectors in the 
coming decades, as exemplified by such mod-
els of transportation as robo-taxis, self-driv-
ing buses or platooning, that it semi- or fully 
autonomous lorry convoys. Experts estimate 
an algorithm-led taxi ride in an urban area to be 
30–50% cheaper on average than a traditional 
one.92 Since 2016, Boston’s nuTonomy has been 
testing the world’s first driverless taxi service in 
Singapore, using e.g. electric Mitsubishi i-MiEV.93 
Nissan, meanwhile, partnered with e-commerce 
provider DeNA to launch the first test robo-taxi 
in Japan in 2018.94 As for mass transport, Winter 
Olympics in South Korea need to be mentioned 
again: there, KT Corporation field tested its 
self-driving bus on short routes (2.2 kilometres) 
to and from the airport.95 In January 2019, All 
Nippon Airways opened a test line served by 
a driverless bus in a Japanese airport. Should 
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the project be successful, by 2020 such buses will 
have become one of standard means of commu-
nication in Tokyo Haneda Airport.96 Autonomous 
cargo transit is a topic in which Singapore should 
be also singled out as the state is currently trial-
ling driverless truck convoys.97 In this case, the 
platooning system requires a human-driven lead 
truck, with other vehicles in the convoy following 
thanks to real-time wireless communication and 
synchronisation. The 2017–2019 project, carried 
out by Singapore’s Ministry of Transport and PSA 
Corporation, uses Scania and Toyota HGVs. Once 
the first phase of testing is completed, one of the 
two companies will be chosen in 2020 to, apart 
from further field testing, begin Singapore-based 
R&D activities related to autonomous HGVs.

THE AVIATION SECTOR AND UAVs 

Machine-learning algorithms are revolutionising 
transport in the air just as they do on the ground. 
Today, AI is already able to support crucial pro-
cesses in the aviation sector, from fleet, baggage 
compartment and fuel consumption management 
to a prospective analysis of engines’ (and other 
components’) wear to pilot support in navigation. 
Examples from Asian countries show that technol-
ogy can not only increase passengers’ safety and 
comfort in using air transport but also bring carri-
ers tangible cost savings. Japan Airlines employs 
AI algorithms to dynamically adjust ticket prices 
so that occupancy rates on flights go up, and the 
result is that for international routes over 80% of 
seats are paid for.98 The same operator is currently 
testing in two Japanese airports, in cooperation 
with Accenture, an AI-based and voice recogni-
tion-based system to speed up passenger check-
in,99 while Korean Air uses the IBM Watson sys-
tem to enhance and shorten logistic chains related 
to aircraft component maintenance process.100

Unmanned Aerial Vehicles, still in the early stages 
of their development and testing, are brimming 
with the potential to redefine business mod-
els in various industries – from postal packages 
to urban transit. Asian countries are in many 
cases a sort of laboratory for solution of this ilk. 

The 2016 agreement let Airbus Helicopters and 
Civil Aviation Authority of Singapore embark on 
a joint project Skyways, intended to trial auton-
omous parcel delivery drones. Initially, both their 
designated automatic loading and landing sites 
were at the National University of Singapore cam-
pus.101 In 2017, Singapore Post, which had man-
aged to make the world’s first package delivery 
using a (human-operated) drone two years earlier, 
started to be the logistics partner for the proj-
ect102. The second half of 2019 is when German 
company Volocopter will start testing its driver-
less aerial taxi service in Singapore. The machine 
is fitted with 18 rotors and able to carry two 
passengers and transport 160 kilograms for up 
to 30 kilometres. The system can be joystick-con-
trolled or fly with complete autonomy within 
certain well-specified air traffic zones, following 
the data entered in advance.103 An interesting 
concept to make use of small UAVs was pro-
posed in 2016 by Singaporean restaurant chain 
Timbre; the company tested ‘flying waiters’ who 
would deliver orders from the kitchen to guests’ 
tables.104 The system was supposed to address 
the problems related to staff shortage in the food 
service sector, especially acute in such countries 
as Singapore or Japan. Autonomous drones by 
Infinium Robotics that Timbre trialled in its venues 
didn’t fly the dishes to the very table but actually 
moved them to waiters in the room, who would 
receive a maximum two-kilogram ‘package’ from 
supporting UAVs.

RAILWAY AI

Rail transport is another sector in which AI assists 
not only the staff but also the passengers. Machine 
learning algorithms can support timetable man-
agement, station platform patrolling or, last but 
not least, autonomous train operation. An exam-
ple of railway-related AI implementation is the 
train delay prediction system developed by Fujitsu 
in cooperation with the largest navigation app in 
Japan, Norikae Annai. In its 2016 test run, that AI 
managed to inform passengers about likely delays 
it would forecast on the basis of user data, cur-
rent weather conditions and the history of railway 
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network functioning.105 MTR Corporation from 
Hong Kong, for its part, used artificial intelligence 
to optimise rolling stock repair and maintenance 
processes and is able to achieve logistic efficiency 
improvement of up to 50%.106 Machine learning 
technologies also make it possible to adopt the tech-
niques of Condition Based Maintenance (CBM) and 
Predictive Maintenance (PM) in railway equipment 
wear or breakdown avoidance. Another firm, Korea 
Railroad Corporation, is taking care to increase 
travel safety, using a network of cameras installed 
on its trains and connected to an AI system which 
recognises magpie nests on overhead wires in real-
time recordings. Early recognition of such an obsta-
cle makes it possible to react quickly and neutralise 
the threat for train running in the area. According 
to information from the carrier, in 2017 alone 
it removed upwards of 7100 such nests.107 In Tokyo, 
Seibu Shinjuku station safety is guaranteed by a cur-
rently trialled robot equipped with an AI-supported 
camera. It is able to analyse and detect dangerous 
events such as brawls, fainting or abandoned lug-
gage in real time, and to remotely alert the guards.108

Japan: autonomous train

Around 1:50 on 7 January 2019, East Japan 
Railway Co., part of the largest rail group on 
the globe (Japan Railways Group), began the 
initial tests of its autonomous train. A public 
Tokyo railway line was used for that pur-
pose.109 Two loops, each one of more than 
34 kilometres, were made after the line 
closed for the night. The automatically con-
trolled train reached speeds of up to 80 kilo-
metres per hour. The company is planning to 
introduce algorithm-run train consists in daily 
rail journeys by 2027 as an answer to the 
growing number of passengers and dwindling 
workforce in the sector. One of the reasons 
is that East Japan Railway employees are 
going into retirement en masse, upwards of 
3000 people per year, whereas the number 
of new hires is merely half of that.110

INTELLIGENT MOBILITY MANAGEMENT 
SYSTEMS

The increasing quantity and improving quality 
of digital data produced both by various means 
of communication, passengers and infrastructure 
itself, is creating, in conjunction with AI analyt-
ical prowess, a brand new market sector linked 
to smart mobility management for people and 
commodities. As Tokyo University scientists have 
shown in their research, neural networks are able, 
given sufficiently large data sets, to predict short-
term communication trends in urban population, 
even the ones not related to standard mobility 
patterns.111 At the outset, such solutions affect 
those urban areas which implement the smart-
city ideas. Kuala Lumpur, the Malaysian capi-
tal, is an example of such metropolises as it is 
currently implementing a street traffic manage-
ment system along with incident response and 
calculating emergency service routes.112 Similarly 
designed AI solutions are helping streamline not 
only the transport of people but also forwarding 
processes or shipping and logistics of commercial 
goods in general. Just one instance is freight ter-
minal management with deep learning algorithms 
applied in order to better use available space and 
resources. Another one is the use of machine 
learning to plan the most suitable routes for postal 
and express consignment delivery, taking into con-
sideration customers’ preferences and real-time 
data on the weather or congestion. Singapore Post, 
supported by LogiNext software, started deploy-
ing such a system in its regional logistics platform 
LaMP (Last Mile Platform) in late 2018.113

Coupled with a range of other contemporary 
trends including the sharing economy, electromo-
bility or servicising (service economy), the tech-
nical capabilities of AI presented above gave rise 
to the Mobility 3.0 concept. It envisages resource 
and process optimisation at the level of a whole 
transport system for a given (usually urban) area. 
It thus means the sharing economy as regards 
cars, bicycles and other forms of transport, actu-
alised as a service (MaaS or Mobility as a Service) 
where both infrastructure and means of transport 
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are tightly integrated thanks to real-time data 
sharing and analysis114. An important facet is the 
focus on passengers, treated as the key element 
which the system is built around in recognition of 
their needs and requirements. In terms of users 
this means a single access point (e.g. mobile app) 
to variegated modes of transport, including semi- 
and fully autonomous ones, as well as access to 
information which helps shorten and cheapen 
journeys or deliveries because of AI predictions.115 
The best-known MaaS application is Whimp, 
which its author calls ‘Netflix of transportation’. 
The service is currently operating in Helsinki, 
Birmingham and Antwerp and quite soon should 
also, as was announced in late 2018, be available 
in Singapore.116

Asia’s Uber: Grab

Formed in 2012 in Malaysia, the start-up 
offers its ride-sharing services in eight 
countries of South-East Asia and is the first 
decacorn – a company valued at over USD 
10 billion – in the region’s history. Grab 
decided to set its headquarters in Singapore 
and its 14-billion-dollar worth117 is mostly 
due to VC investments from such corpo-
rations as Toyota, Yamaha or Japanese 
Softbank. At the end of 2018, the company 
also signed a strategic partnership agree-
ment with Microsoft to, e.g., implement 
advanced AI solutions. These are intended 
to let app users place the pick-up address on 
the map by photographing their surroundings 
(computer vision, image recognition) or to 
give access to an AI-based chatbot and per-
sonalised recommendation system, e.g. with 
regard to a journey’s path. The same year, in 
collaboration with the National University of 
Singapore, Grab unveiled a dedicated AI lab, 
which – backed by over 4 million dollars – 
launched its research into analysing and solv-
ing transport problems in the region.118

CHALLENGES, RECOMMENDATIONS, BEST 
PRACTICES FROM ASIA

Even though many solutions presented above 
have so far not been implemented on a grand 
scale, they undoubtedly left the laboratory and 
entered the stage of practical testing. Countries 
such as Singapore, Japan or South Korea form the 
group of so-called early adopters, introducing new 
models into the real economy. This process makes 
it possible to pinpoint core challenges which must 
be overcome before proceeding with mass AI 
implementation in transport. At the same time, 
unique Asian experiences allow us to identify 
good practices or submit recommendations as to 
incentives or regulations that can be judiciously 
used in the AI implementation process on the 
global market, Europe included.

A particularly large number of challenges still 
have to do with attempts to widely use vehicles 
of higher automation levels (especially 3–5), The 
issues include both technical problems and moral 
dilemmas, among them:

• decision-making by artificial neural networks 
in volatile situations or edge cases,119 when 
for instance objects on the road are difficult 
to classify,

• AV cybersecurity, including attacks on their 
computer vision systems aimed to manipulate 
or ‘fool’ them120,

• high-speed motorway and expressway driv-
ing, especially in the context of edge-case 
dilemmas,

• taking automatised decisions with implica-
tions for life and limb of traffic participants.

A variety of challenges related to AI devel-
opment and interpretation, particularly to its 
ethical aspect, may be addressed at the pub-
lic policy level. Advisory groups for this sub-
ject matter, created both in Singapore and in 
the European Union, have shown the fact that 
diverse stakeholders can cooperate and bring 
added value in this way. In the case of the Asian 
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city-state the results include Model AI Governance 
Framework released for social consultationsin 
January 2019,121 whereas in the EU they con-
tributed to Ethics Guidelines for Trustworthy AI, 
published in April of the same year.122

The most significant elements of best practices 
regarding AI implementation in transport which 
can be noted on the basis of the examples dis-
cussed in this chapter are as follows:

• Strategic insight into key medium- and 
long-term social or economic challenges (e.g. 
workforce shortage in a specific sector) and 
an analysis of the role AI may play to help in 
dealing with them.

• Proactive approach by the state, which does 
not stop at investing public funds, but also 
takes targeted measures such as collaboration 
with international AI market leaders, start-up 
support or changes effected in the higher 
education system.

• Establishment of dedicated test zones situ-
ated in actual urban space to meet the needs 
of particular services built on autonomous 
traffic systems.

• Creation of laws and regulations which are 
conducive to both AI development and 
AI-based business models.
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ARTIFICIAL INTELLIGENCE 
IN AGRICULTURE
INTRODUCTION

Agriculture plays a vital role in the global econ-
omy. The sector’s global worth is estimated to be 
3 trillion dollars while it employs over 20% of the 
world’s population.123 Between 1960 and 2015, 
agricultural production tripled to meet the needs 
of the growing population from 3 to 7 billion peo-
ple.124 According to the United Nations’ Food and 
Agriculture Organisation (FAO), by 2050 world 
population will reach 9.8 billion,125 while merely 
4% of additional land will be cultivated for agri-
cultural purposes. The UN forecasts that food 
production in this period will need to increase 
by 70% to meet the demand.126 This is due to the 
additional factors such as:

• climate change, which disrupts growing sea-
sons, contributes to transformation of arable 
land into deserts, and flooding of once-fertile 
deltas with seawater, 

• food security concerns; currently, nearly half 
of food produced, what corresponds to about 
2 billion tons a year, is turned into waste, 
while around 124 million people in 51 coun-
tries suffer from food insecurity, malnutrition 
or hunger,

• increasing urbanisation, which results in work-
force shortage in the rural areas and diminish-
ing agricultural land resources.127

To reach the necessary growth in future food 
production, traditional practices based mainly 
on fertilisers, pesticides and traditional agricul-
tural machinery will not suffice. Agro-industry 
is therefore under serious pressure to seek more 
and more innovative solutions to improve the land 
use, food security and secure an increase in effi-
ciency of production. In turn, these factors drive 
the demand for new technologies and automation 
in agriculture.128
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The rapid advancement in the domain of AI offers 
an exciting opportunity to address these needs. 
As a system of interdisciplinary solutions, AI may 
bring a paradigm shift to how farming is per-
ceived. Machine learning algorithms, Internet 
of Things (IoT) and Big Data solutions are already 
being used in such areas as transportation, com-
merce or finance. Yet, the agro-industry has been 
struggling to introduce these solutions in a scala-
ble manner, despite the urging need and a sub-
stantial potential to achieve synergy effects at the 
intersection of cooperation of humans and the 
machines. AI applications in agriculture can be 
diverse: from automating manual tasks and pro-
cesses through computer-controlled irrigation sys-
tems, self-driving tractors and combine harvesters 
to solutions based on measurement devices (sen-
sors, GPS, radars) supplying data to be analysed 
in real-time. AI applications can support farmers 
in the processes of sowing, cultivation, harvest-
ing and selling crops. These technologies can aid 
in providing information on, for instance, crop 
condition, signalling weather changes, alerting of 
resource depletion, supporting the decision-mak-
ing. As a result, they may positively contribute to 
increasing yields or minimizing losses. Considering 
all these vast possibilities, there is an increasing 
number of entities that offer agricultural AI solu-
tions as well as growing interest among investors.

GLOBAL AI MARKET OF PLANT PRODUCTION 
IN AGRICULTURE

In 2018, the global AI market in agriculture was 
worth 330 million dollars and it is expected to 
reach  1.5 billion dollars by the end of 2025, 
with a compound annual growth rate (CAGR) of 
approximately 25%.129 Major factors driving the 
growth of this sector include:

• rising demand for agricultural production,

• intensified efforts to maximise crop yields,

• deployment of new and advanced technolo-
gies in the sector,

• increase in use of such devices as sensors 
or drones in farms,

• government support and international initia-
tives incentivising implementation of modern 
agricultural practices.

The global smart farm market is projected to 
grow on average at a 14% rate between 2018 
and 2022 and to be valued at about 23 billion 
dollars by the end of that period.130 Particularly 
strong growth dynamics of AI in agriculture can 
be attributed to automation and robotics, includ-
ing autonomous machinery, intelligent robots and 
agricultural drones. According to the 2016 study 
by PwC, the market for drone-based solutions 
and services totalled over 127 billion dollars, with 
more than 32 billion in agro-industry alone.131 
When it comes to the most popular AI technol-
ogies utilized in agriculture, these are predictive 
analytics, machine learning and computer vision. 
It is estimated that predictive analytics will be one 
of the fastest growing areas that support farm-
ers’ decision-making process. It is noteworthy that 
the growing popularity of image processing and 
computer vision in agriculture has been possible 
due to decreasing equipment costs, increasing 
computing power and rising interest in auto-
matic food assessment methods.132 Compared 
to traditional manual techniques, these meth-
ods offer many advantages, yet there are still 
numerous challenges to be overcome in terms 
of computer analysis techniques and classification 
accuracy of image data.133 A key area of AI appli-
cation in agro-industry is precision agriculture, 
also called digital agriculture, where the follow-
ing computer-assisted activities can be distin-
guished: crop monitoring and recognition, field 
mapping, weather monitoring and forecasting, 
soil and water management (controlling nutrients, 
moisture or irrigation management).134 Precision 
agriculture enjoys an increasing share in the global 
market and this trend is expected to continue with 
new technologies becoming more popular and avail-
able alongside with infrastructure improvements.

AI market in agriculture can be considered as con-
solidated owing to the presence of a limited num-
ber of players which originate from a handful of 
countries, taking advantage of their technological 
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prowess and reinforcing their global market 
position.135 In 2018, the North American market 
accounted for around 45.2% of the global agricul-
ture AI market, while all of Europe for 24.7% only. 
The US is at present both the largest ‘consumer’ 
of AI in agriculture and the supplier of many key 
solutions for this industry.136 Projections indicate, 
however, that it is the Asia-Pacific market, espe-
cially India and South-East Asia, which will expe-
rience the most dynamic growth in 2019–2025. 
This expansion can be attributed to the growing 
popularity of AI products and services among 
farmers in such countries as India, Indonesia and 
China. In Japan and China particularly, a broad 
user base of mobile devices and large-scale IoT 
deployment facilitate popularising smart agricul-
ture solutions. In India agriculture plays a par-
ticularly fundamental role. The country is among 
the very largest food producers in the world, and 
this sector accounts for almost 18% of GDP. IBEF 
report indicates that over 58% of Indian rural 
households depend on agriculture as their main 
means of support.137 Agriculture sector there pre-
sents substantial potential for AI development 
and implementation. Over the last few years, 
numerous technology companies and start-ups 
have emerged, offering dedicated AI-based solu-
tions that benefit the farmers.138 An additional 
stimulus comes from many agriculture invest-
ment programmes by the New Delhi authorities, 
which are aimed at increasing entrepreneurship 
and innovation in AI and promoting cooperation 
with companies from developed countries. Trends 
in Indonesia’s digital economy are no less inter-
esting. In addition to mature sectors – including 
tourism, e-commerce or fintech – agriculture is 
regarded as an up-and-coming large segment of 
the country’s digital economy.139 In South Korea, 
farming industry is undergoing a significant 
change as more and more skilled urbanites with 
IT expertise are moving to the countryside, and 
they engage in agriculture and drive its growth. 
Coupled with advanced IT knowledge, farming is 
being transformed into a high value-added indus-
try that combines production, retail and tourism. 
Korean authorities are also actively collaborating 

with key IT companies to implement smart tech-
nologies, including AI, robots and IoT, in rural areas 
in order to further improve infrastructure and the 
agricultural production process.140

AREAS OF APPLICATION FOR AI IN CROP 
PRODUCTION

The primary objective of AI-based agricul-
tural technologies and precision agriculture is 
to increase productivity while simultaneously 
minimising negative environmental impact.141 
Currently as much as 70–80% of new agro-indus-
try machinery already contains some components 
of precision agriculture.142 Such food production 
process relies on data generated from a variety of 
sensors, what helps in better understanding of the 
various production environment factors (e.g. crop 
growth, soil and weather conditions) and the pro-
cess itself to make farmers’ decision-making faster 
and more accurate. Applying AI solutions and data 
analytics services, for instance in the cloud, ena-
bles its users to predict weather conditions, opti-
mise sowing time, fight crop diseases, counteract 
pest attacks, etc. It may also be useful for market 
analysis and price setting purposes to help farm-
ers optimise their production and generate higher 
revenue. AI applications in crop production can be 
assigned into three broad categories: crop, water 
and soil management.143

CROP MANAGEMENT

Predictive analytics in agriculture

One of the main challenges in precision agricul-
ture is yield forecasting. It is of high importance 
for crop mapping, estimation of yields, matching 
supply with demand, and overall crop manage-
ment to increase productivity. AI models can be 
especially useful in monitoring and predicting 
the impact of various environmental factors on 
crops, for instance the changing weather condi-
tions. AI can also assist farmers in market intel-
ligence and crop competitiveness assessment. 
They can benefit from the possibilities offered by 
real-time analytics of data streams incoming from 
multiple sources simultaneously in order to create 
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an efficient and smart supply chain. For exam-
ple, high-resolution aerial images from drones 
or helicopters can be used for field mapping and 
evaluation which areas require water, fertilisers 
or pesticides. Such an approach largely contrib-
utes to optimising the use of costly resources.

Personalised Village Advisory Dashboard

In many parts of India, farmers greatly 
depend on timely rainfalls. Any delay in the 
onset of the rainy season can adversely 
affect the harvests, yields and subsequent 
profits. The cooperation of Microsoft with 
International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT) and a local 
community in south-eastern Indian state 
of Andhra Pradesh aims at addressing this 
problem by making use of advanced analytics 
and cloud-based machine learning to build 
a customised advisory dashboard for 4000 
farmers in 106 villages and a sowing app for 
175 farmers.144 Equipped with simple SMS-
enabled phones, farmers can access advice 
on soil conditions, plant protection and 
optimal sowing dates for the region. Those 
who followed the AI-driven advice, achieved 
higher yields by 30% as compared to farmers 
who adhered to traditional planting and sow-
ing schedules.145

CropIn Technology

CropIn is a Bangalore-based start-up that 
offers SaaS tools for farm management, busi-
ness intelligence,  CRM system solutions to 
forecast and improve sales.146 It utilizes tech-
nologies based on Big Data, AI algorithms, 
geotagging or satellite monitoring. These ser-
vices also allow farmers to analyse and inter-
pret data coming from their farms and obtain 
information on crop health in real time. The 
World Bank chose CropIn to be a technology 
partner for an Indian government and World 
Bank public-private partnership project, 
which is intended to introduce technological 
changes into agricultural practices in Madhya 
Pradesh and Bihar, as well as to help farmers 
cope with the climate change and subse-
quent unpredictable weather conditions.147

Weed detection and control

Many agricultural producers consider weeds as 
one of the most significant problems in agricul-
ture and crop production, because it is diffi-
cult to detect and distinguish them from crops. 
Harmful impact of weeds includes competition 
for water, light, nutrients and space. This increases 
production costs, makes harvesting more difficult, 
decreases product quality, increases risk of crop 
irritation and disease, consequently diminishing 
the value of the cultivated fields. Herbicide use 
has eliminated the need to remove weed manu-
ally what lowered production costs and increased 
yields. Yet, weed resistance to these chemicals 
is increasing. Today, about 250 weed species 
are estimated to have become herbicide-resist-
ant.148 In addition, mitigating harmful environmen-
tal impact of agrochemicals and overcoming the 
limitations of conventional spraying methods are 
regarded to be important challenges and among 
top public policy priorities in many countries.
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Agrotechnical companies utilise automation and 
robotics to help farmers find more effective ways 
to protect their crops from weeds. Contemporary 
AI technologies can minimise herbicide use through 
better weed control. They help to identify unwanted 
plants with such techniques as computer vision, 
spectral analysis, remote sensing and thermal imag-
ing. Then, precision spraying with autonomous 
robots can help in reducing herbicide resistance and 
decrease adverse impact on the environment.

TartanSense

TartanSense from Bangalore designs robots 
for small farms, applying computer vision and 
robotics to build precision sprayers.149 These 
robots are able to detect weeds or diseased 
plants, and to spray them precisely. This pro-
vides a chance to save on costs and decrease 
the amount of chemical residue in soil and on 
fruits and vegetables. TartanSense’s first prod-
uct, BrijBot, has been a weed spraying robot 
for smallholder cotton farmers, whose task is 
to reduce weeding costs by up to 70%. 

Żukbot

Autonomous agritech robotic solutions 
inspire technological progress also in the 
Polish market. Żukbot (Beetlebot), con-
structed by a student team from the Gdańsk 
University of Technology and designed for 
precision spraying, can discriminate between 
weeds and useful plants. This development 
indicates on growing interest and innovation 
trends that can benefit the country’s agricul-
ture, customised to fit local conditions and 
crop specificity.150

Disease and pest detection

One of the major agricultural problems is to detect 
and control plant diseases and pests since they 
negatively affect crop production and yield quality, 
thereby lowering the market price. Currently, uni-
form pesticide spraying over the field remains the 
most widespread practice. Similarly to weed con-
trol, this procedure – although relatively effective 
– results in high costs and considerable negative 
environmental effects.151

Computer vision technology, data from IoT sen-
sors on the ground and from drones flying above 
the cultivated land can be merged to achieve 
more optimal solutions. High-resolution drone 
cameras are capable of collecting precision field 
images which can be passed into a neural net-
work system to detect areas with weed, disease 
or identify stress levels in plants at their different 
growth stages. Algorithms are already capable of 
detecting 26 diseases in 14 crop species with 99% 
accuracy.152 If the plants are classified as infected, 
drones can also deliver remedies. Other mod-
els that predict pest attacks with AI and machine 
learning algorithms facilitate their forecasting 
based on weather conditions and plant life cycle.

Plantix

Plantix is a mobile application of a Berlin-
based agritech start-up PEAT, especially 
popular in India. AI-driven solution assists 
farmers and gardening enthusiasts in spotting 
diseases, pest invasions and nutrient defi-
ciencies.153 Once a photo of a leaf is taken 
with a phone app, it is sent to the server and 
matched with a model image, what allows 
for plant health diagnosis. The app helps to 
determine the presence of over 150 globally 
identified plant pathogens in more than 40 
crop types.154 It also recognises potential soil 
defects and nutrient deficiencies.
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Agricultural product quality monitoring 

Information on the type and quality of grain, fruit 
or vegetables are required by farmers at different 
production stages. Accurate detection and clas-
sification of quality characteristics can increase 
product price and reduce waste. Manual evalu-
ation methods are challenging even for experi-
enced persons. Visual inspection is tedious and 
time-consuming, making rapid decision-making 
and scalability difficult. An operator usually loses 
concentration after a few hours of work due to 
fatigue or improper lighting.155

AI techniques and computer vision with an auto-
matic classifier can prevent human errors in the 
quality assessment process, which constitutes 
an attractive alternative to manual inspection.156 
For instance, images of plants captured under 
white light and UVA can help in assessment of 
how ripe green fruits are. Such analysis allows 
farmers to sort fruit or crop into separate readi-
ness categories before sending them to the mar-
ket. Machine learning algorithms can also reveal 
optimal growing conditions in order to maximise 
flavour or other desirable characteristics of agri-
cultural products. For instance, researchers have 
discovered that exposing plants of basil to light 
for 24 hours a day resulted in a better taste.157 
Predictive modelling also makes it possible to 
selectively test only the best products in the field. 
AI-driven laboratory analysis can identify products 
with improved profiles in early-generation tests. 
Traditional agricultural techniques would not be 
able to offer such opportunities.

Deep learning for cucumber sorting

Sorting cucumbers, a seemingly simple activ-
ity, requires a substantial amount of work 
because of their differing sizes, shapes, col-
ours and other desired traits. In Japan, every 
producer has its own classification system 
and no industry standard exists. Cucumbers 
that are deformed or crooked are broadly 
classified as low-quality products. However, 
learning how to sort them manually is not 
an easy task. It often takes several months 
of training while the demand for well-trained 
staff peaks within limited period of the har-
vest season.

Makoto Koike from Japan used deep learning 
technology to develop an automatic cucum-
ber sorter for his family farm.158 The use of 
image recognition allowed the computer 
to learn important ‘features’ in cucumber 
images from the supplied training dataset. 
The automatic system designed by Makoto 
first uses Raspberry Pi 3 as the main control-
ler to take photos of harvested cucumbers 
with a camera and initially activates a small 
neural network to determine whether the 
image is of a cucumber. Subsequently, the 
picture is sent to a larger neural network on 
a Linux server for a more detailed classifica-
tion. Deep neural network algorithms can 
automatically and highly accurately classify 
cucumber images according to desirable 
features and subsequently sort them. This 
example shows that not only large com-
panies are able to profit from available AI 
algorithms, but also small farmers can apply 
them, even for the simplest but otherwise 
time-consuming tasks.
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Crop planting and harvesting

Agricultural industry is expected to experience 
a 6% decline in the number of workers in the period 
2014–2024. Planting and harvesting automation is 
therefore another area which can help to meet the 
challenges of labour force shortage, especially sea-
sonal. Autonomous sowing solutions which reduce 
costs by up to 85% already exist. Such system 
shoots pods with seeds and nutrients into the soil, 
providing all the substances needed for a plant to 
grow.159 Automated harvesting equipment can also 
make use of AI to collect only ripe fruits and vege-
tables at the right time, saving labour resources and 
minimising waste. Between 2018 and 2023, smart 
harvest market in the Asia-Pacific region is projected 
to grow by about 14.29% annualy (CAGR).160 This 
trend can be attributed to an increased demand in 
such countries as Japan and China.

Autonomous tomato harvest

In January 2018, Panasonic Corporation 
from Japan presented a prototype of a new 
fully autonomous robotic tomato picker.161 
It is equipped with a high-resolution cam-
era, sensors and AI-based functionalities to 
identify and collect ripe tomatoes. Moving 
along a special rail, which can be installed 
both in open farms and in greenhouses, the 
device’s system makes use of pictures it takes 
and a laser distance meter to locate toma-
toes. Based on the analyses of photos with 
machine learning algorithms, the robot is able 
to distinguish colours and shapes. It then har-
vests only these fruits it deems ripe enough 
and suitable for picking and consumption.

Soil management

Understanding of the complex biological processes 
that occur in the soil presents a substantial challenge 
to researchers and farmers. Soil measurements 
tend to be costly and time-consuming. Cheaper 
and faster soil assessment solutions can be made 

available thanks to AI-based techniques. Potential 
uses of these methods are primarily related to pre-
diction and identification of soil properties, such as 
soil moisture , drying, its condition, or temperature.

Toyota soil analysis sensors

Traditional methods of soil analysis may take 
up to several months to evaluate its condi-
tion. At that time, it may already be too late to 
apply the right countermeasures should fertil-
ity shortages be detected. The newest inven-
tion by the Japanese Toyota corporation aims 
to analyse and map soil characteristics quickly 
with optical sensors.162 This solution is based 
on a series of sensors integrated into a plough 
which is slowly pulled through the soil at 10 
to 15 centimetres deep. The sensors analyse 
around 30 different soil components in real 
time, based on spectroscopic data combined 
with GPS information at the same time.163 

As a result, a digital map of a field is created, 
colour-coded to indicate, for instance, the soil 
capacity to maintain essential nutrients.

Water management 

Design and management of the irrigation systems 
in agricultural production is another important and 
challenging task. Automation of this process can 
help farmers to better cope with problems posed 
by limited access to clean water. AI models can 
offer a possibility to automatically adjust specific 
moisture parameters according to the crop type 
and soil assessment. For example, drone sensors 
can be used to determine which fragments of 
a field are dry or deviate from the desired level 
of soil moisture. This also provides an opportunity 
to farmers to signal the need for and to regulate 
automatic irrigation. Machinery equipped with 
systems of algorithms trained on historical weather 
patterns, soil quality and crop type can provide 
better irrigation control and automation to increase 
the overall crop productivity.
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ConserWater

Agritech start-up from India, ConserWater, 
proposed a solution to the challenge of more 
effective water management and water pro-
tection in agriculture. The company introduced 
a dedicated control panel which is an online 
data monitoring system focusing on water dis-
tribution in a given area. The software behind 
it uses a combination of dynamic, real-time 
local information, satellite imaging and histori-
cal weather data, along with machine learning 
algorithms to analyse them and best predict 
irrigation needs. The technology is easily scal-
able and not dependent on farm size, since 
it does not require installation of any sensors 
on the ground. It mostly draws on satellite 
data.164 With the use of ConserWater system, 
farmers in India might save up to 50% of irriga-
tion water they currently consume.165

FURTHER ADVANCEMENT OF AI-BASED 
TECHNOLOGIES IN AGRICULTURE 
– CHALLENGES AND RECOMMENDATIONS

The fourth industrial revolution has the potential 
to markedly increase efficiency and drive sus-
tainable development in food production. We are 
witnessing the process of gradual transformation 
of the agricultural sector from ‘old’ farming into 
the age of AI-based digital agriculture. Yet, the 
deployment of modern technologies in rural areas 
continues to be limited in a vast majority of coun-
tries.166 Consequently, a number of challenges and 
recommendations for the emerging agritech sec-
tor can be proposed.

COST AND ACCESS

A relatively prohibitive cost of the technology 
remains the main factor which slows down the 
global AI market growth in agriculture. AI appli-
cations differ significantly among developed and 
developing countries.167 RIICE partnership,168 
a supporter of small-scale farmers, mostly in Asian 

states, emphasises a vast digital gap between 
these economies, primarily stemming from dif-
ferences in access to technology (i.e. computing 
power, Internet bandwidth, advanced software) 
and lack of highly-skilled workforce in developing 
countries. Frequently societies that need AI the 
most are severely lacking physical and technologi-
cal infrastructure to operate it. Efforts in data col-
lection and analysis mostly benefit large, well-es-
tablished farmers who possess the means and 
knowledge necessary to gather them effectively 
and accurately.169 An emerging trend that aims 
at mitigating this problem is forming partnerships 
between large technology owners and their cus-
tomers from developing countries or the largest 
agricultural markets.

TOO MUCH DATA, NOT ENOUGH STANDARDS

The growth of digital agriculture and related tech-
nologies has opened many avenues for generat-
ing and analysing large volumes of data. By 2050, 
a typical farm is forecast to create an average 
of 4.1 million data points daily. Even though the 
development of AI and machine learning algo-
rithms are enormously fast, the availability of 
well-prepared and well-tagged datasets in agricul-
ture is usually limited. Therefore establishing 
standards for data collection, storage, accessibil-
ity and analysis has become necessary. Currently, 
farmers are unwilling to share data they gather 
on their farms, and both large companies and 
agritech start-ups tend to build closed systems, 
in effect working in data silos instead of data 
lakes. In the future, AI-based agrotechnical 
industry will need to transform into an ecosystem 
where all players can remain independent and 
at the same able to share and update their data 
in a secure manner, in an agreed-upon format and 
structure. Hence, it has become a priority to pro-
vide secure and trusted data platforms where one 
participant’s input can be combined with anoth-
er’s, without anyone losing ownership or control 
over their resources. This will make it possible to 
perform analyses on complex but scalable and 
efficient systems of integrated datasets.
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PRIVACY CHALLENGES OF AGRICULTURAL 
DATA

Privacy concerns regarding who owns the data 
and who profits from it are closely linked to the 
previously discussed issues,170 especially in the 
case of cloud-based AI apps. Many farmers are 
worried that the information about their activ-
ities,171 seed companies or competing farms172 
could be misused. Schuster173 warns that for 
instance hedge funds can use harvesting data 
from various sources in real time (e.g. weather 
data, productivity forecasts, remote sensing, 
machine data coming from combined harvesters, 
and other similar) for commodity market specula-
tion. Therefore, building AI systems which provide 
secure enclaves ensuring data confidentiality, user 
privacy and decision integrity will remain a major 
challenge for AI solutions in agriculture.

ADAPTATION TO THE SPECIFICITY OF AND 
CONSTANT CHANGES IN THE ENVIRONMENT

Agriculture is one of the most difficult areas to 
quantify statistically since plant growing condi-
tions keep changing and numerous factors are 
difficult to predict. Unstable weather, variation 
in soil quality or the possibility of crop diseases 
or pest attacks are ever-present challenges. 
Adaptation to geographical diversity and to pro-
gressing climate change is going to be a signifi-
cant aspect of consideration for AI-based agricul-
ture.174 For instance, factors which affect certain 
crops and effectiveness of relevant fertilisers 
in North America are unlikely to be related to 
what may happen to the same plants in India 
or South Africa. A considerable problem that AI 
and machine learning face in agriculture is that 
in most cases no two environments are exactly 
the same and parameter adjustments need to 
be made accordingly in each case.175 Testing, val-
idation and successful implementation of such 
technologies is therefore more challenging than 
in other sectors. Consequently, it will be neces-
sary to develop solutions that are tailored to geo-
graphical zones and their particular microclimates.

SOCIAL IMPACT

The influence that AI exerts on agro-industry 
also applies to its specific labour market. Despite 
a lot of potential that AI and automation offer in 
the long term – especially considering increas-
ing urbanisation and global decline in agricul-
tural workforce – some forecasts indicate there 
is a chance of unemployment among agricultural 
workers in certain regions in the coming decades 
(medium-term perspective). Manual and monot-
onous tasks are going to be automated more and 
more easily, gradually making some tasks unnec-
essary. Workers will be replaced by smart robots 
able to move around the fields safely, find, harvest 
and carry agricultural products and perform both 
simple and more complex operations.

Although some jobs may be lost in the short term, 
most experts claim AI will generate more jobs 
than it displaces. A World Economic Forum report 
suggests that, globally, AI and robotics will con-
tribute to the creation of up to 58 million addi-
tional jobs.176 This may actually result in reducing 
the problems associated with disparate growth 
levels between rural areas and more developed 
agglomerations and increase social inclusion of 
the former. Digital technologies in agriculture 
offer many possibilities for developing new start-
ups. They also have the potential to make the 
countryside more attractive to younger genera-
tions. To make this a reality, a pressing concern 
both in Asia and in Europe is enabling the access 
to  funding frameworks, start-up incubators and 
accelerators for the emerging agritech indus-
try.177 Further growth in this area requires the 
interest and support from the financial sector, 
Venture Capital and policy decision-makers.

PUBLIC POLICY CHALLENGES

Government initiatives that champion AI solu-
tions in agriculture can directly contribute to both 
the growth of this market and the optimisation 
of food production. The European Commission 
has set an ambitious goal of digitising agricul-
ture and rural areas alongside increasing data 
use in the industry decision-making processes.178 
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Enhancing the infrastructure and connectivity in 
rural areas, for instance by ensuring universal broad-
band coverage, still remains a concern and a priority.

India – public policies for smart agriculture

India’s government has introduced a new 
program, AGRI-UDAAN, to stimulate inno-
vation and entrepreneurship in agriculture. 
It aims to support start-ups’ development 
and facilitate young companies in finding 
potential investors. What is more, within 
the flagship initiative called Startup India, 
the public administration has launched the 
Agriculture Grand Challenge programme 
and created “Fund of Funds” to provide new 
businesses with a chance to secure finance 
for their investments in new technologies 
which address the biggest challenges of 
India’s agricultural sector.179 Other infra-
structure schemes in several states of India, 
including Maharashtra, Madhya Pradesh 
and Telangana, allow farmers in remote rural 
areas to use phone services that alert them 
of the risk of pest attacks or adverse weather 
conditions in a given region. In addition, the 
authorities of Karnataka, a state in south-
ern India, have implemented solutions which 
provide farmers with price projections for 
basic agricultural commodities based on 
predictive analytics. Acting as virtual plat-
forms, initiatives such as eNational Market 
Market (eNAM) give millions of small farms 
an opportunity to sell their products and 
boost their profits as they remove intermedi-
aries from the food supply value chain.180

AI deployment in agriculture also poses a chal-
lenge for the education system. Farmers and 
advisers will require new skills and knowledge 
to introduce and use this technology. Traditional 
farming practices and techniques continue to be 

an obstacle, preventing farmers from unlock-
ing the full potential of their land and work 
resources. For that reason, raising awareness and 
local/regional training initiatives are indispensable 
in order to reach particularly small- and medi-
um-sized farms, where leveraging digital technolo-
gies is sometimes not considered cost-effective.
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