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Abstract. High-tech startups face a number of insurmountable problems that prevent them from turning innovative ideas into
new products. The article investigates the managerial aspects of implementation and commercialization of high-tech startups in
Russia using the case of an automated computer vision analytical system for industrial poultry farming. Entrepreneurship theory
and the concept of strategic management constitute the theoretical basis of the study. Among the research methods used in the
paper are the POCD framework in combination with SWOT analysis involved in the formation of startup management strategies,
as well as Sandelovsky and Barroso’s Meta-Synthesis method applied to identify factors that determine the successful implemen-
tation of a startup. The empirical evidence of the work was a bank of video data collected at the VNITIP Federal Research Center of
the Russian Academy of Sciences and covering the full life cycle of broiler chickens. The paper established three main sources of
funding for high-tech start-ups to introduce machine vision systems in the poultry industry: the state, industrial corporations, and
venture capital. At that, none of the enterprises, including the global leaders, has yet reached the IPO stage. We identify two cen-
tral lines to launch and commercialize a Russian start-up in poultry farming, these are association with developers of integrated
digital solutions and/or integration with poultry meat producers. Recommendations are formulated regarding the implementa-
tion of a high-tech start-up: to form a public-private partnership, actively interact with research centers and universities, cooper-
ate with business angels, expand the entrepreneurial competencies of startupers, and clarify the business model of the project.
The mass introduction of machine vision technology in the poultry industry is possible due to the acceleration of technological
progress and the elimination of the main obstacle, i.e., the high cost of components for machine vision systems.
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YHpaBJIEHI’Ie BBICOKOTE€EXHO/JIOI'HYHBIM CTAPTAIIOM:
KeMc IIPHUMEHEHHU TCXHOJIOTHHU MAIlIMHHOT' 0 3PE€HUsA
B IITHIIEBOACTBE

K.B. CumoHos’, H.A. TupdpaHosa?

TMIY umenn M.B. JlomoHocoBa, I. Mocksa, PO
2000 «bnobut», r. Mocksa, PO

AHHOTaLMA. BbICOKOTEXHONOMMYHBIE CTapTanbl CTaNIKUBAKOTCA C PAJOM TPYLHOMNPEOJONMMbIX TPO6EeM, KOTOpble MPenATCTBYOT
MacLTabHOMY BOMOLLEHMIO MHHOBALMOHHbIX 1ael. CTaTba NOCBALLEeHa CCNef0BaHUI0 YNPaBAeHYECKMX acNeKToB peann3auum
1 KOMMepLManu3aumm poccuinckoro ctapTana Ha npuMepe Co3faHnsA aBTOMaTU3UPOBAHHON aHANUTNYECKON CUCTEMbI MALLUHHO-
ro 3peHvs 4 NTULEeBOAYECKNX NpegnpuaTuii. MeTogonorus paboTbl 6a3upyeTcsa Ha NMOSTIOXKEHUAX TeOPUN NpeLnpPUHUMATES b-
CTBa U CTpaTermyeckoro meHegxmeHTa. Metogamun nccnegoBanmsa BbicTynuamn kommnekc POCD n SWOT-aHanus, npumeHsaemble
npv GOpMMPOBaHUM YpaBeHYECKUX CTpaTernin cTapTana, a Takxe metacuHTe3 no CaHgenosckomy 1 bappo3o, nossonaiowuii
naeHTMdMuUMpoBaTb GaKTopbl €ro ycnewHomn peanusaumn. MHdopmaumoHHyto 6a3y paboTbl cocTaBun 6aHK CO6paHHbIX Ha No-
waake OHL BHUTWM PAH BuageoaaHHbIX, OXBaTbiBAIOLLMX NMOSHbIN XWU3HEHHbIN LUK LbINAAT-6poiiiepoB. YCTaHOBEHbI TPU OC-
HOBHbIX VCTOYHMKA GUHAHCMPOBAHMS BbICOKOTEXHONOMMYHBIX CTAPTANOB MO BHEAPEHUIO CUCTEM MALUMHHOIO 3PEHUA B NTULE-
BOJCTBO — rOCYapCTBO, MPOMbILLNEHHbIE KOPNOpaLuUy 1 BEHYYPHbI KanuTan. [py 3ToM HU OHO 13 NpefnpUATU YKa3aHHON
cdepbl, B TOM UnCie MMPOBOIO YPOBHS, MOKa He CyMeno BbIATU Ha cTaguto IPO. BbigeneHbl ABa KNoueBbiX HanpaBieHya 3anycka
N KOMMepLManmn3aLum pocCUNCKOro cTapTana B 06/11acTi NTULEBOACTBA — 0ObeANHEHME C pa3paboTUKamm NHTErPUPOBAHHBIX
LPOBBIX PELIEHUI 1/Unn UHTErpaunsa ¢ npounssogutenamu. NpeacTtaBneHbl peKoMeHaUmy No peannsaLnn BbICOKOTEXHOMO-
rMYHOro cTapTana: GopM1poBaHue rocyapCTBEHHO-YaCTHOMO NAPTHEPCTBA, akTMBHOE B3aMOAENCTBIE C NCCeAoBaTeNbCKUMI
LieHTPaMU 1 yHUBEPCUTETaMK, Koonepauma ¢ 6M3Hec-aHrenamu, paclupeHe npeanprHUMaTENbCKUX KOMNETEHUMIA cTapTane-
pOB, YTOUHEHME OGM3HeC-Moaeny npoekTa. MaccoBoe BHeApeHME TEXHONOTUM MALUMHHOTO 3PEHNS B MTULEBOLCTBO BO3MOXHO
BCNeLCTBME YCKOPEHUA TEXHOOMYECKOro Nporpecca 1 ycTpaHeHUA OCHOBHOTO NPENATCTBUA — BbICOKOW CTOMMOCTY KOMMOHEH-
TOB [aHHbIX CUCTEM.
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INTRODUCTION

High-tech startups are conceptually and terminologically
defined as new micro-enterprises that, acting for profit,
create and bring to the market high-tech products based
on promising ideas [Blank, Dorf, 2019; Harris, 2019]. Start-
ups are created for the implementation of specific innova-
tive entrepreneurial ideas and become successful if these
ideas can be introduced and commercialized [Hashai,
Zander, 2018; Guo, 2019].

In the process of commercialization, startupers face
many difficulties and, for the most part, fail to turn their
entrepreneurial ideas into high-tech products [Presbit-
ero, Roxas, Chadee, 2017; Henriques, Sobreiro, Kimura,
2018; Madzik, 2019; Gerasimenko et al., 2021]. To solve
this problem, it is important to examine the conditions,
circumstances and factors affecting commercialization.
There is a number of studies devoted to these issues, but
providing no in-depth analysis [Van Norman, Eisenkot,
2017; Zhao, Xiang, Yi, 2017; Flammini et al., 2017]. So, not
everything is known about the commercialization of in-
novative entrepreneurial ideas and high-tech startups
[Cui, Kumar, Goncalves, 2019; Kunte, Promsiri, Kampan-
thong, 2018]. The given study aims to correct this situa-
tion. Its purpose is to find ways to launch, commercialize
and successfully implement a high-tech Russian startup
using the case of the development and implementation
of a machine vision system for a poultry house.

Despite the ongoing attempts to use machine vision
technology in the industrial breeding of broilers, there
have not yet been scientific studies of economic and man-
agerial processes associated with the relevant startups in
Russia. The issues of creating and introducing into com-
mercial operation of machine vision systems for poultry
farming remained out of sight of Russian management
science.

On the way to the stated purpose, three objectives
should be attained:

1) to follow the process of growing a high-tech startup,
identify and characterize the factors that contribute to its
commercialization;

2) to analyse the experience of international startups
in the development and implementation of computer vi-
sion systems for animal husbandry;

3) to indicate the ways for launching and commercial-
izing startups specializing in machine vision for poultry
farming in Russia.

A HIGH-TECH STARTUP: IMPLEMENTATION PROBLEMS
Launching and commercializing high-tech entrepre-
neurial ideas

Breakthrough technologies are based on special
knowledge [Hallam, Dorantes Dosamantes, Zanella,
2018], created by highly qualified employees [Lukes, Ste-
phan, 2017], require accelerated development and high
research costs, and are associated with complex produc-
tion processes [Spender et al., 2017]. High-tech products
tend to have a short life cycle [Park, Tzabbar, 2016]. Their
development and application are associated with in-
creased risks and costs, which complicates the decision
to purchase and implement, creating problems for mar-
keting and sales [Mansour, Barandas, 2017]. In the com-
mercial implementation of high-tech entrepreneurial ide-
as, startups often face insurmountable problems, which
occurs due to the non-triviality of creating and applying
new knowledge, shortage of resources and the complex-
ity of organizing large-scale production of demanded in-
novative products, outpacing competition and the lack of
established markets, absence of management skills and
organizational experience [Santisteban, Mauricio, 2017;
Hui, Li, Li, 2018].

In general, commercialization is the process of trans-
forming entrepreneurial ideas into value products de-
manded by the market. At the same time, there are sev-
eral points of view on the substantive nuances of this
concept. Some experts believe that commercialization
is limited to the transfer of applied knowledge and en-
gineering technologies from research centres to the in-
dustry and use the term “technology commercialization”.
Others believe that commercialization is the final devel-
opment stage of a new product, and speak exclusively
about “product commercialization’, ignoring the essence
of the underlying idea as a significant factor [Sharp, lyer,
Brush, 2017]. In their opinion, commercialization is the
movement along the three-way contour: making market-
ing decisions — market creating — expanding sales. Finally,
another group of experts claims that commercialization is
a chain process from the origin of an idea to mass sales of
a product [Namdarian, Naimi-Sadigh, 2018].

The implementation of a high-tech entrepreneurial
idea and commercialization of a startup is a complex pro-
cess that includes the development, production and dis-
tribution of a new high-tech product and consists of three
stages. The initial stage involves assessing the requests



and requirements of potential customers, generating an
appropriate operational idea, selecting a target market,
confirming the feasibility of the idea and forming the
business model. At the next (second) stage a prototype
is created, and the conditions for entering the market are
assessed. In addition, this stage covers testing, scaling, de-
termining the final characteristics of the product, and pat-
enting. Lastly, the final stage involves marketing promo-
tion and mass sale of a high-tech product [Gbadegeshin,
2017]. At the heart of the startup commercialization is an
entrepreneurial idea that affects all the three stages. The
commercial success of a startup largely depends on its
content and relevance.

Startup financing is divided into initial and core [Cotei,
Farhat, 2017; Tech, 2018]. The initial financing has two
stages.

1. Pre-seed funding is spent on validation of the startup
idea and on the concept of the final product. Venture cap-
ital funds and other sources of equity financing are closed
to startups at this stage, and in most cases startupers
have to rely only on their own resources [Fuertes-Callén,
Cuellar-Fernandez, Serrano-Cinca, 2020].

2. Seed funding. The finances received at this stage
make it possible to outline the ideas of startups into a
prototype product [Laitinen, 2017]. Startupers who pass
this stage can look forward to attracting more customers
and maintaining a steady revenue growth.

The startup’s core funding consists of three rounds.

Round A. At this stage, according to experts, the 30-
10-2 rule works: out of 30 investment funds, 10 will show
interest, and only 2 of them will allocate funds. Therefore,
one should contact as many potential investors as pos-
sible.

Round B. Funding is needed to expand and bring
the project to a new level. Compared to the previous
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Seed stage (-90 %)
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,
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round, the main investors stay the same, but new ones
are also invited.

Round C. The amount of investment increases sig-
nificantly. The resources are committed to ensure that a
startup can create new products, enter new markets, join
other projects or even rise to the international level. Since
the project is no longer risky at this point, private invest-
ment companies, hedge funds and banks are actively par-
ticipating in this round. For many startups, this is the last
stage of investment, which allows them to enter the IPO
(Initial Public Offering) stage and completes the financing.

Crossing the so-called “Death Valley” between initial
funding and commercialization is a major challenge for
most startups [Corallo et al., 2019]. At the stage of idea
generation, 90% of projects fail. 85% of the remaining
ones are cut off by the next, pre-seed funding, stage.
Further, at the seed funding stage, only 10% survive. In
Round A, the conversion rate is 45%. Those who have
passed Round B, where the throughput probability is
35%, get to the IPO stage or Round C (Fig. 1). As a result,
the startup’s conversion rate is only 0.02%.

Factors in high-tech startup success: The methodo-
logical basis

Sandelowski and Barroso’s Meta-Synthesis method. To
identify the factors influencing the commercialization of
a high-tech startup, a meta-synthesis was applied, which
combined the results of several scientific studies on simi-
lar issues and based on the methodological principles of
Sandelowski and Barroso [Ludvigsen, 2016]. These princi-
ples involve desk analysis of the combined results of sev-
eral published studies in order to obtain a qualitatively
new interpretation and solution to the problem based
on a logically consistent seven-step process: (1) identifi-
cation of research questions and objectives, (2) review of
sources, (3) search and selection of relevant publications,

IPO

Round C ﬂ
°
Round B (=75 %) ﬂ
)

2
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»

Fig. 1. Probabilities of startups passing through all stages of development and financing
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(4) extraction of textual information, (5) semantic break-
down of the materials with the allocation of key phrases,
system analysis to identify patterns and thematic frag-
ments, synthesis, (6) quality control, correction and ad-
dition, (7) issuance of final results [Daneshjoovash, Jafari,
Khamseh, 2021]. The use of decomposition, abstraction
and generalization at the stage of correction and addi-
tion made it possible to strengthen the results of meta-
synthesis [Gbadegeshin, 2018].

Data collection and sampling. The bank of materi-
als was formed, which primarily included scientific arti-
cles and conference proceedings, selected according to
their titles and abstracts featuring the keywords “startup
launch”, “startup commercialization’, “computer vision’,

“machine vision”, and “poultry industry”. The materials also

met a number of criteria, such as being found through
Google Scholar or eLibrary, indexed in the scientific ci-
tation databases the RSCl, Scopus or WoS, published
through Emerald, Elsevier, IEEE, Sage Publications, Taylor
and Francis, Wiley, Springer or through Russian publish-
ing houses during the period of 2016-2022.

The validity and reliability of the sample were assessed
by such criteria as the title of the article, its purpose, meth-
odology, conclusions, year of publication, authors affilia-
tion, and the impact factor of the publication. The quality
of the selected works was judged based on several crite-
ria, including clarity of goals and the logic of the study,
its relevance, design to the goals, representativeness of
the data, clarity of presentation and validity of the results.
In total, over 200 publications were viewed, of which 25
were selected for further analysis.

POCD and SWOT analysis. The current status and chal-
lenges of the startup, as well as its growth strategies, in-
cluding launch, commercialization and securing funding,
were assessed using a combination of POCD [Chi, Liu, Xia,
2021] and SWOT analysis [Benzaghta et al., 2021]. The
POCD concept takes into account four basic elements:

People. These are all involved individuals, including
startup entrepreneurs, team members, investors, consult-
ants, and other significant startup stakeholders;

Opportunities, i.e., the potential of a startup based on
an idea, concept, business model, expected profit, market
interest, window of opportunity, etc.;

Context. This is the macro-environment of a startup
depending on such external factors as the development
of technology, consumer desire, the state of the economy,
industry trends, etc.;

Deal, i.e., financial issues of a startup that take into ac-
count sources, conditions and structure of investments.

SWOT analysis is a fundamental tool applicable to
assess positions and study the internal and external en-
vironment of a startup, which are characterized by four
complex components: (1) strengths refer to the intrinsic
attributes of a startup that contribute to achieving its
goals; (2) weaknesses are internal features of a startup
hindering its success; (3) opportunities are external cir-
cumstances that help a startup achieve its goals; (4)
threats are factors in the environment of a startup imped-
ing its work.

A high-tech startup: Launch and commercialization
factors

The application of the principles of Sandelovsky and
Barroso revealed seven internal and four external factors
for the launch and commercialization of high-tech entre-
preneurial ideas (Fig. 2). Startupers can manage internal
factors, but not always external ones.

The internal factors affecting the launch and commer-
cialization of a high-tech startup are as follows.

1. Competitive capabilities of the startup, such as a
flexible organizational structure and a relevant business
model, affect the initial stage of launch and commerciali-
zation, while distribution opportunities have an impact at
the final stage. Leadership, strategic management, vision
for the future, coordination of core competencies, entre-
preneurial culture, change management, partner trust,
knowledge sharing, resources and assets are important at
all stages.

2. Human capital is developers, production workers,
marketers, distributors and other skillful members of the
startup team who positively influence the launch and

INTERNAL FACTORS
Financial Meeting Competitive Demand Content Human Practical
security market needs advantages for a high-tech product marketing capital value
Launch and commercialization of a high-tech startup
EXTERNAL FACTORS
Quadruple Helix Model of innovation | | Government support policy | | Research universities | | Guarantee of intellectual property rights

Fig. 2. Factors in launching and commercializing a high-tech startup
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commercialization of a high-tech idea due to their high
professional qualifications, work ethic, motivation and
creativity.

3. Meeting market needs. The market presence and
generation of ideas demanded in it have a positive im-
pact on the initial stage of startup launch and commer-
cialization. Opportunities and resources to adapt to mar-
ket requirements, customer knowledge, time-to-market
for innovations, stakeholder approval, market coverage
and customer loyalty are the conditions that are especial-
ly important at the final stage of commercialization.

4. Content marketing is used to release advertising
messages at the final stage of commercialization.

5. High technologies applied value is of high impor-
tance at the initial stage of launching and commercializ-
ing, where they are selected by their potential suitability
to meet the needs of target customers, and at the second
stage, where the innovative product is developed based
on these technologies.

6. High-tech product demand. The configuration of a
high-tech product that meets the needs of customers and
the relevant set of its functions come to the fore at the
second stage of launch and commercialization. In addi-
tion, the specific characteristics of the product approved
by interested consumers are of a significant positive ef-
fect at the final stage of commercialization.

7. Financial security is necessary at all stages of launch
and commercialization. A startup can only become suc-
cessful if it has sufficient financial resources for prelimi-
nary research, idea generation and validation, product
development and prototyping, presentation and testing,
product launch and scale-up, and related marketing ac-
tivities.

The external factors of a high-tech startup’s launch and
commercialization are the following.

1. The quadruple helix model of innovation. The busi-
ness-science-government-society framework [Carayannis,
Grigoroudis, 2016; Steenkamp, 2019], in addition to a pos-
itive impact on the interaction of startups with industry
and business, easier access to academic knowledge and
know-how and faster market entry, contributes to estab-
lishing cooperation with investors and target customers,
creating an innovative ecosystem and promoting high-
tech products in demand by the market.

2. The policy of state support for innovative entrepre-
neurship aimed at providing comfortable conditions for
the development of high-tech startups through the crea-
tion of business incubators, research centres, technology
parks, technology transfer centres, financial institutions,
public organizations, public utilities, transport and tech-
nological infrastructure.

3. Research universities actively participating in the cre-
ation and dissemination of new knowledge, promoting
the development and replication of high technologies,
supporting industry cost-effective research and projects,
promoting teamwork and entrepreneurial culture, pro-
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viding educational and consulting services positively in-
fluence the process of a startup launch and commerciali-
zation in general and, especially, at its initial stage.

4. Guarantees of intellectual property rights are impor-
tant at the second stage of launch and commercialization,
where the developed technologies and created products
are patented [Stenard, Thursby, Fuller, 2016].

STARTUP AS A PLATFORM FOR MACHINE VISION SYSTEMS
Computer vision technology in the poultry industry:
The reasoning

Due to relatively short production cycles and the abil-
ity to process by-products and agricultural waste into
meat and eggs, the poultry industry’ makes a significant
contribution to solving the global food problem [Buyarov,
Buyarov, 2020; Bykova, 2018]. The poultry industry? is
one of the fastest growing agro-industrial sectors of the
world economy facing serious challenges in its devel-
opment [Bachkova, 2018; Mottet, Tempio, 2017], such
as maintaining consumer confidence and ensuring the
quality and environmental cleanliness of products [Kleyn,
Ciacciariello, 2021; Hafez, Attia, 2020].

The main risks in the poultry industry are associated
with the spread of infectious diseases (for example, in-
fectious bronchitis, avian influenza, infectious sinusitis)
within the herd, as well as between broiler farms and
poultry yards [lrza, Volkov, Varkentin, 2020]. Among the
consequences of the epidemic are the death of the herd,
the shutdown of the poultry farm, the lack of revenue, the
loss of business partners and reputation as a reliable sup-
plier of safe products [Kozerod, Vorobyeva, 2021]. Taking
into account the growing number of poultries caused by
the growing demand for poultry meat worldwide [Berck-
mans, 2017; Davleev, 2021], the possible damage due to
mass diseases in poultry farms increases many times over.

The economic efficiency of broiler production signifi-
cantly depends on the ratio between the amount of feed
consumed and the increase in live weight [Egorova, 2019].
The desire to improve this indicator encourages the provi-
sion of the most comfortable microclimatic conditions for
fowls (temperature, humidity and air quality, lighting in-
tensity, etc.), to which poultry is especially sensitive com-
pared to livestock and both the productivity of adults and
the normal embryonic development of hens significantly
depend on [Buyarov, Buyarov, 2021].

These threats can be considerably reduced and the
problems largely resolved, if the health status of poultry
is introduced and the microclimatic regime of its keeping
is optimized based on constant monitoring of the behav-
iour of both the entire herd and individuals [Barcho, 2017].

! Poultry industry is an agro-industrial sector responsible for
producing poultry meat and eggs. Broiler production is the process
of growing and preparing chickens for consumption.

2The term poultry covers a range of domesticated species:
chickens, turkeys, ducks, geese, game birds (for example, quails,

guinea fowl, pheasants), as well as ratites (for example, emus and
ostriches). Broilers are chickens raised for meat.
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A good solution here is machine vision, that is an innova-
tive technology based on complex computer vision algo-
rithms that allow continuous monitoring and analysis of
the sequence of images coming from video cameras in
real time without any direct human involvement [Singh
etal., 2020].

In the Russian poultry industry, the use of machine vi-
sion has not yet progressed too far [Gajdaenko, Gajdae-
nko, 2018], which is due to the complexity of the transi-
tion from laboratory experiments to effective commercial
solutions, since the function of video systems in this case,
in addition to detection, is also to analyse the behaviour
of birds, which is quite variable [Zhuang, Zhang, 2019].
Machine vision faces the problem of early identification
of signs of discomfort and deterioration of well-being in
the behaviour of birds [Okinda et al., 2019]. An additional
challenge is scaling the technology to thousands of herds
and large poultry farms while maintaining accuracy, func-
tionality and reliability [Aydin, 20171.

Machine vision as a business idea for a commercial
startup

Machine vision is a stage in the evolution of video
surveillance systems, at which part of the operator’s
functions are transferred to a computing device and per-
formed automatically. The development of machine vi-
sion is directly related to the breakthrough in the field of
artificial intelligence and computer vision, the growth of
computing power and the reduction in the cost of tech-
nological equipment. Machine vision methods have been
developed since the 1960s, and by the early 1990s tech-
nologies for number control and detection of defects in
manufactured products had already been implemented
at the prototype level. Systems suitable for practical use
with object recognition options (fast image processing,
matching and identification of faces, fingerprints, license
plates, etc.) appeared in the early 2010s. Over the past
decade, it has been possible to significantly expand the
capabilities of machine vision, which opens up new direc-
tions for its practical application. Monitoring compliance
with traffic rules, banking services based on biometric
data, automated passport control - all these are achieve-
ments of yesterday.

On the basis of computer vision technologies entire
industries are being transformed and new startups are
being launched, which provokes a huge influx of invest-
ments [Kakani et al., 2020]. According to forecasts, by
2028 the global machine vision market will grow to 13 bil-
lion US dollars with an average annual growth of 21.3%'.
By the end of 2021, the volume of the Russian machine vi-
sion market in monetary terms reached 12.3 billion rubles,
which is 10.5% more than in 2020. By the end of 2028, an
increase to 26 billion rubles is expected?.

' Machine vision market share. 2021. https://www.polaris-
marketresearch.com/industry-analysis/video-analytics-market.

2Computer vision market size. 2021. https://www.grandviewre-
search.com/industry-analysis/computer-vision-market.

The machine vision system can be implemented pe-
ripherally (embedded), server-side or cloud-based. In the
first case, the analysis of the video stream is performed
by a computing device combined with a video camera.
The second option uses cameras without built-in analyti-
cal functions and all calculations are done on a stationary
server. The third option differs from the server one in that
the calculations are moved to the “cloud”.

Fig. 3 illustrates the architecture of a computer vision
system for poultry industry. The system consists of three
components: cameras, computing device, and software
(video processing algorithms, calculation, and statistics
analysis). The process of machine vision is carried out in
three stages: capture, processing, and “understanding” of
the image. The choice and location of the cameras, as well
as the level of lighting in the room, play a decisive role in
obtaining high-quality video content. Appropriate hard-
ware and software are used to capture and save video
data [Wurtz et al., 2019]. Then, these data are processed
by computational and neural network algorithms. Finally,
data analysis methods are used to recognize behavioural
patterns [Abd Aziz et al., 2021].

Real-time video processing

Video stream v

Video processing server
+ Optical flow
* Segmentation
* Object detection and recognition

Data analysis and anomaly detection

N
-
)
User application

+ Alarm notification
» Accumulation of statistics

Fig. 3 Architecture of the machine vision system
for the poultry industry
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Behavioural patterns that characterize the activity
and movement trajectories, both of individuals and the
average for the group, make it possible to timely detect
changes in the birds’ well-being, which may be the result



of ventilation failure and microclimate disturbance or a
sign of infection and the onset of the disease. In some
cases, machine vision methods can detect diseases even
before the occurrence of clinical symptoms [Fernandez-
Carrion et al., 20171].

The main feature of machine vision in Russia is the use
of the imported component base. The main obstacles to
the development of computer vision technology in the
country are rising prices and restrictions on import of
equipment.

Machine vision startup in the poultry industry:
Evidence from Russia

In Russia, the development of machine vision systems
for the poultry industry is carried out under the auspic-
es of national research centres and universities by small
groups of employees of innovative microenterprises, or
high-tech startups.

The startup aimed at developing and implementing
a machine vision system for the poultry industry was
launched in 2021. It has the Skolkovo resident status,
uses a simplified tax system (exemptions from VAT, in-
come and property taxes, the insurance pension contri-
bution is 14%). The project team consists of algorithmic
programmers and manager. The startup cooperates
with the All-Russian Scientific Research and Technologi-
cal Institute of Poultry Farming'. With the participation
of the Institute, joint tests of the first version of the ma-
chine vision system prototype for a poultry house were
carried out.

The work performed allows us to reasonably assert the
fundamental feasibility of the concept and the potential
use of machine vision technology for assessing the health
and conditions of broiler chickens.

The system prototype is implemented on the principle
of server video analytics: the video stream from surveil-
lance cameras is sent to the server, where it is processed.
The models created within the framework of the startup
make it possible to track the parameters changing when
the microclimate is disturbed and birds feel worse. For ex-
ample, when the temperature drops the activity of broiler
chickens decreases sharply, they get into groups, etc.

The startup has models and algorithms, the prototype
of the machine vision system, the database of video data
taken at the VNITIP Scientific Research Center of the Rus-
sian Academy of Sciences throughout the full life cycle of
birds, as well as equipment and computing power. The
project’s system part, which includes the creation of a user
application for PC and mobile Android devices, as well as
server organization for displaying the video stream from
the poultry house and accumulating statistical data, were
outsourced. Business partnerships are being developed
with Electronics Design company (Estonia), which can
serve as a springboard for entering international markets.
Verkhnevolzhskaya Poultry Farm is the first site for scaling

TVNITIP Scientific Research Center of the Russian Academy of
Sciences. www.vnitip.ru/fnts-vnitip-ran/.
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and testing the system. An agreement was reached with
this farm to equip one poultry house with a trial video an-
alytics system. Thus, the startup is at the prototype test-
ing stage now.

In January 2022, the startup took part as an exhibi-
tor in AGROS Expo, the annual international trade fair
for animal husbandry, breeding and feed production in
Moscow at Crocus Expo IEC that brought together over
350 participants. The startup’s exposition booth was vis-
ited by about 50 specialists. As a result of negotiations,
more than 25 leads were received, which are now being
worked out.

Algorithmic development and test data collection
were performed at the personal expense of the project
participants. PC and Android applications were devel-
oped at the expense of the business angel.

Since the idea of creating a machine vision system for a
poultry house is primarily of scientific and technical inter-
est for the startup founders, the commercial aspect of the
project did not receive due attention, and there was no
strategic and financial planning of the work. Therefore, all
financial resources were exhausted as early as at the stage
of creating the prototype and conducting the first series
of experiments. Funding is required to continue the work.

To move to the stage of creating a ready-to-sell prod-
uct, a laboratory and then field-testing are necessary.
Only after that it is possible to judge the reliability of the
system, which will make it possible to outline a strategy
for its commercialization and form a value proposition for
customers and partners. However, it is not yet clear who
will be the first client — small private poultry farms, where
a decision can be made quickly, or large poultry farms,
where the installation of machine vision systems will re-
duce labour costs.

To solve these problems, it is required to study the
experience of implementing such projects, understand
the possibilities, limits and options for growth, identify
and find sources of funding. In this regard, three research
questions were posed:

+ what are the internal and external drivers for launch-
ing and commercializing high-tech entrepreneurial ideas
and machine vision solutions for the poultry industry?

+ what is the best way to commercialize and develop
a high-tech startup that is at the early stage and imple-
mented in Russia?

« what should be done to further develop the project
on creating a machine vision system for a poultry farm
implemented by a Russian micro-enterprise with limited
resources?

RESULTS OF LAUNCHING A HIGH-TECH START-UP
Machine vision systems for animal husbandry: Global
experience

Table 1 shows the leading startups from China, the
USA, Europe and Russia aimed at developing and imple-
menting machine vision systems for animal husbandry.
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Table 1 - Startups creating machine vision systems for animal husbandry
Tabnuya 1 - Cmapmanel — nudepsl No CO30aHUI0 CUCMeM MAWUHHO20 3peHuUs 018 XUBOMHO800Ccmea

Name Country Investor Stage of financing
Yingzi Technology China No data available Initial Public Offering
Xiangchuang Technology China Venchure funds Horeal Group & Redstar Fund Initial Public Offering
ZhongAn Technology China Insurance company ZhongAn Seed Funding
BioSort Norway Food poducer Cargill Initial Public Offering
Cainthus Ireland Cargill & NDRC Seed Funding
eyeNamic Denmark Fancom Initial Public Offering
Cattle Eye Great Britain Seventure Partners, Techstart Ventures, Turntide Seed Funding
Cattle Care USA/Russia Alchemist Accelerator Seed Funding
Plainsight USA Nvidia Corporation No data available
Cows Al (Radar) Russia No data available Seed Funding

China. Yingzi Technology is engaged in machine vision
for pig breeding, Xiangchuang Technology specializes in
video recognition and identification of animals, ZhongAn
Technology announced a project on creating a video iden-
tification system for broiler chickens.

USA and Europe. The leader in investing in livestock
machine vision projects is the American company Car-
gill, the largest food supplier and meat producer, which
finances two startups at once. The first one is the Norwe-
gian company BioSort AS, which focuses on identifying
diseased individuals among farmed salmon fish. The sec-
ond one is the Irish company Cainthus, which develops
cattle identification technology. The British startup Cattle
Eye is working in a similar direction.

The leader in the field of machine vision for the poul-
try industry is the Danish company Fancom. This is not a
startup: it was founded about 40 years ago and initially
concentrated on climate control systems for poultry
farms. Fancom’s poultry machine vision system is called
eyeNamic. Initially positioned as a standalone product,
it has since become part of an integrated poultry house
management solution, including climate monitoring,
feed and water management, and more.

Russia. Cattle Care startup specializes in machine vi-
sion systems for dairy farms. It is registered both in Russia
and the USA and receives funding from American venture
funds [Corsi, Prencipe, 2017]. The startup Cows Al (Radar)
is registered in Skolkovo and operated in a similar busi-
ness area.

Technology companies operating in the field of In-
ternet solutions and food manufacturers express their
investment interest in machine vision for animal breed-
ing. For example, in 2018 Alibaba Group entered into a
contract with the Dekon Group pork corporation and the
Tequ Group feed manufacturer to create a machine vision
system for pig production. Since 2018, the food company
Cargill Inc. has been investing in the Irish startup Cain-
thus, which specializes in video-based calf health analysis
solutions. In 2021, Nvidia Corporation, the leading chip

producer, invested in Plain Sight, a startup developing a
smart calf tracking product.

The analysis of the international experience in the
development and commercialization of startups special-
izing in machine vision systems for animal husbandry led
to several conclusions.

1. There are few startups on animal breeding vision
systems. Moreover, none of them has yet reached the
stage of initial sale of shares, most are at the stage of de-
velopment or implementation.

2. All solutions, with the exception of eyeNamic, relate
to pig breeding or cattle breeding.

3. The main difficulties in creating industrial samples
of machine vision systems for animal husbandry are as-
sociated with high algorithmic complexity and technical
problems when scaling to large herds.

4. Over the next few years, given the high rate of techno-
logical progress, it can be expected that the components of
machine vision systems (cameras and computing devices)
will be more affordable, and this will contribute to the mas-
sive introduction of machine vision for animal breeding.
Thus, China allocates 5-10 years for the widespread intro-
duction of machine vision systems for animal husbandry.

5. All animal breeding machine vision startups are
funded either by the state (China), or by industrial corpo-
rations (the USA and Europe), or by venture capital. With
the exception of Fancom, which has several areas of activ-
ity, there is no self-sustaining business.

Launching a high-tech startup in Russia: Organiza-
tion of financing

The Russian startup specializing in machine vision
systems for the poultry industry has multiple funding op-
tions [Evdokimova, Kobyshev, 20171.

1. The personal capital of startupers was applied,
which made the decision-making an absolute independ-
ent process and allowed to focus on purely technological
tasks abandoning the issues of financing.

2. A business angel was involved, which allowed com-
pleting the initial part of the work, which turned out an



absolute plus. The downside is the weak predictability of
a private investor.

3. Once the startup come to the stage of minimally
viable product, commercial proposals were formulated
to manufacturers of microclimate control systems in the
poultry industry.

4. Of all the options for startup financing, the most
promising one is to receive a state grant. The only institu-
tion providing investments at the stage of idea confirma-
tion and prototype creation is the Innovation Assistance
Fund [Polyakov, 2016]. Earlier, the startup has already par-
ticipated in the competition held by the Fund. Based on
the competition results, it was proposed to go through
an acceleration programme. After that, it would be possi-
ble to apply for funding to carry out joint laboratory tests
with the VNITIP Federal Research Center of the RAS and
complete prototype product development.

Among the positive outcomes of applying to the In-
novation Assistance Fund are recommendations from ex-
perts and the prospect of receiving funding free of charge.
The disadvantage is the length of the procedure: the ap-
plication was submitted in August 2021, the competition
took place in October, and the acceleration programme
began only in February 2022.

5.1t is planned to design a demonstration site on the
basis of the VNITIP Federal Research Center of the RAS
positioning it as a pilot project, which will open up new
opportunities for finding financing to test and scale the
product, including further participation in competitions

Business Processes and Project Management

held by the Innovation Promotion Fund', an appeal for
venture financing to foreign investors, attempts to in-
terest potential customers in investing, and applying for
programmes of the Russian Agricultural Bank (RAB). First
of all, to the AgroCode Hub programme implemented by
the RAB in order to support initiatives to stimulate the in-
troduction of innovative technologies in agriculture and
farming?.

A high-tech startup in Russia: Development pros-
pects

Guided by the POCD concept, the founders of the
startup specializing in the development of a machine vi-
sion system for the poultry industry in Russia formed a
team of interested and like-minded people, received ini-
tial funding and showed the possibility of implementing
the startup idea, taking the starting position in the Rus-
sian digital technology market.

To better understand the current state of the startup
and work out strategic options for further actions and
development, SWOT analysis was carried out (Tables 2, 3).

As a result of the analysis, we have come to the follow-
ing conclusions.

Firstly, the rapid launch and commercialization of a
startup to create a machine vision system for the poultry
industry in Russia is hardly possible. In addition, the scale
and engineering complexity of the project were initially
underestimated.

T Fund for Assistance to the Development of Small Forms of En-
terprises in the Scientific and Technical Sphere (Fund for Assistance
to Innovations). https://fasie.ru/fund/. (in Russ.)

2 Agro Code Hub Programme. https://agro-code.ru/. (in Russ.)

Table 2 - SWOT analysis of the current state of the project
Tabnuua 2 - SWOT-aHanu3 cocmoaHua cmapmana

Strengths
was confirmed.

Research Center of the RAS.
« Prerequisites for entering the US and European markets

« The idea of assessing the well-being of broilers by their behavioural patterns

« Joint activities of qualified algorithmists and experts from the VNITIP Federal

Weaknesses
- Insufficient amount of research.
- Laboratory level of development.
« Lack of value proposition for customers and part-
ners.
« Slow activity due to lack of funds

Opportunities

search Center of the RAS.

« Publication of the results of joint experiments with the VNITIP Federal Re-

- Participation in the acceleration programme of the Innovation Promotion Fund.
- Participation in the programmes of the Russian Agricultural Bank.
- Further testing on the basis of the VNITIP Federal Research Center of the RAS

Threats
- Financially wealthy competitors can get ahead of
the industrial implementation of the startup idea.
+ Increasing the components cost will make the
product too expensive

Table 3 - Strategic options for continuing the project

Tabnuya 3 - Cmpameauydeckue aabmepHAamMussl pagumus cmapmana

Opportunities

Threats

have a positive impact on the development of the project

Deepening cooperation with the VNITIP Research Center of the
RAS (joint publications, continued testing of the system, etc.) will

Focusing on both the Russian and international markets will
reduce the sensitivity to the rise in the cost of components

which will contribute to levelling the weaknesses

Weaknesses | Strengths

Participation in the acceleration programme will make the pro-
ject more mature and increase the chances of receiving a grant,

Formation and communication of value proposition to poten-
tial customers and partners through participation in competi-
tions and events, as well as through publications and interviews
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Secondly, a machine vision system is typically not a
separate product, but a part of “smart” integrated sys-
tems for animal breeding farms [Revanth et al., 2021; Ah-
madi et al., 2018]. In this regard, two central lines of the
startup launch and commercialization have been identi-
fied that stayed relevant after creating a prototype and
confirming its reliability in laboratory conditions, these
are association with developers of integrated digital so-
lutions for the poultry industry and/or integration with
poultry meat producers. In particular, it was decided to
put together commercial offers to developers of “smart”
systems for the poultry industry, including microclimate
control systems.

Thirdly, for the Russian startup it seems most realistic
to receive funding from potential clients and through
participation in specialized competitions. It is planned
to take part in the competitions of the Innovation Assis-
tance Fund and the Russian Agricultural Bank programme,
as well as to search for foreign venture financing and, if
possible, attract funds from potential clients.

CONCLUSION

The conducted research, combined with the accumulated
experience of growing a startup, contributes to the theory
and practice of promoting high technologies and reveals
the managerial know-how to launch and commercialize
an innovative Al-related entrepreneurial idea in the poul-
try industry in Russia.

Theoretical implication of the study comes down to
several provisions regarding the successful launch, devel-
opment and commercialization of a startup, namely:

« expanding competitive advantages, meeting market
needs, using content marketing and high technologies,
developing innovative products, finding sufficient finan-
cial resources;

« recruitment of qualified, motivated, team-oriented
and committed employees;

« seeking support from state and public organizations;

« provision of a well-designed and convincing busi-
ness plan for investors;

« active interaction with research centres and universi-
ties;

« expanding the entrepreneurial competencies of
startups through training in business education pro-
grammes.

Practical significance of the study lies in the clarifica-
tion of a number of important applied issues related to
launch and commercialization of innovative entrepre-
neurial ideas and high-tech startups aimed at creating
machine vision systems for the poultry industry in Russia.

1. Continuous and uninterrupted monitoring of the
health status and microclimatic conditions of broiler
chickens can be ensured using machine vision systems,
which, along with improving the economic performance
of the entire production process, will help to stop and pre-
vent the spread of diseases in the herd in a timely manner.

2. Based on the international experience, the entre-
preneurial idea of developing a machine vision system
for the poultry industry in Russia should be recognized as
fruitful, the project for its implementation is feasible, and
the corresponding startup is promising, deserving of in-
vestors’ attention, and potentially successful.

3. An insurmountable barrier to the development and
widespread industrial implementation of machine vision
systems for the poultry industry in Russia is the high cost
of components. According to the world practice, start-
ups that receive serious state support or fulfill the order
of large corporations mainly reach the implementation
stage. It is important that machine vision is typically only
a fragment of an integrated poultry complex control sys-
tem and not an independent product.

4. The advantages of applying to state funds to sup-
port small innovative businesses include the possibility
of receiving free recommendations from leading experts
and the prospect of getting non-refundable financing.
Among the drawbacks are the complexity of making an
application and the length of time spent on its considera-
tion and satisfaction, if approved.

5. Livestock and poultry machine vision in Russia is a
nascent market with poor competition. Blue Ocean Strat-
egy aimed at creating innovative products is optimal for
working in such a market.

Research limitations and directions for further study. The
work is based on the collection and analysis of secondary
data, which may be not entirely reliable and/or incom-
plete. Therefore, in addition to articles from high-ranking
scholarly journals, it is planned to expand coverage by ex-
amining thematic online publications, expert blog posts,
and other relevant materials.

Since some of the data are retrieved from foreign sourc-
es, inconsistencies and discrepancies with the Russian re-
alities are possible. These inconsistencies can only be elimi-
nated with the help of field studies, where it is necessary to
investigate potential customers in more detail, analyse the
technical features of engineering solutions implemented
by other developers, and then move on to more compre-
hensive business planning of the project.

It is necessary to show the correlation between the
number of livestock and epidemiological diseases of
poultry in dynamics over 5 years in Russia, to consider
alternative means of diagnosing infectious diseases of
poultry available in the country, to clarify the business
model of the project, to prove its financial and economic
efficiency and investment attractiveness, and to analyse
the project-related risks — financial, managerial, and tech-
nological.

In addition to growing broilers, it is important to take
into account the experience of commercialization of com-
puter vision technologies in relation to such livestock in-
dustries as cattle production, pig breeding, fur farming,
horse breeding, which are currently developing quite dy-
namically in Russia. m
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