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Abstract.The paper presents and discuss the objectivesgiheering education in the fields of
Biosystems Engineering (e.g. Agricultural Engineg)i A hybrid system of Engineering and Biosystems
is developed. Based on this hybrid system the rglegions between the components of engineering and
biological systems are developed. Curricula forAfjod Products Processing Engineering master study

programs were developed

THE BIO-SYSTEMS ENGINEERING CONCEPT

The Bio-systems Engineering concept representsvaaperoach to analyzing biological
systems through an application and integration rafireeering principles in biology. This
concept is based on a hybrid system, consisting dfiological subsystem (B) and an
engineering component (E) (Fig. 1). Systemic amalyaplies the unitary evaluation of all
the quantities which compose the system: the iasameters 1a &, ..., &; the output
parameters b by, ..., by, the system states, s, ..., $, defined by the status parameterdyt

., L. The perturbation factors,p, ...p are represented by developments in collateraldjel
concrete needs of the society, social and econdmmicalitions etc. The interaction between
the two components of the system (E and B) coulddseribed through the abstract relations
A andC.
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Figure 1: The hybrid system: Engineering and Bistayn



The relationA characterizes the application of Engineering fpies in biology E =>
B), which signifies Engineering for biologyor an application of the concepts and methods
of the physical and engineering sciences in biald@@ye connection A, as a functional relation
between E and B, may be represented by differestifsp applicationsA . The relation A’
suggests the application of Engineering principfesnedicine, meaningEngineering for
healtH or in other field (e.g. environment, vegetal Isigstems etc.) The role of this relation
consists in identification of the needs of a bisteyns, and of the means of meeting these
needs using available technology. Design and dpusat of materials, equipment and
techniques for diagnosis and treatment of the pi&tieomprise a new dynamic branch of
engineering, calleiomedical EngineeringThe action of E towards BE(=> B) can be
systematized as in Figure 2.
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Figure 2: The concept “Engineering for biology”

In the second relation category the informatiomgfar is oriented from B to BB(=>
E), which means that the bio-systems provide thpiiason and the models used to develop
high-performance engineering systems. The principfe the optimum project which
determines the optimal operation of the bio-sysigusdifies the transfer of some information
from biology to engineering. According to the abawentioned principle, natural selection
develops and promotes those individuals that asé dapted to the environment. The study
of this interaction between engineering (E) anddgizal (B) systems has developed very
much, under the name &ionics This fundamental and practical science deals wWith
tendency to copy and reproduce some qualities @fbiblogical processes, using different
materials than the ones specific to living beinggng means provided by physics, chemistry
and engineering sciences.

In the last decades, the complexity of the problevhich appear in nature and the
necessity of understanding biological systems hesnbleading to a reanalysis of the
education and research systems in order to ensaiertormal development in line with the
requirements of the long-term development of livisgstems. This fact implies a
multidisciplinary approach in education and researthe integration of engineering
principles with biological systems (vegetal, animahvironmental and human-related)
represents one of the goals of present-day educatid research.



Education in Bio-systems Engineering

Generally, engineering is the application of sceetathe needs of humanity. Engineers
have to gather knowledge of science (mathematiogsips, chemistry, biology etc.) and to
use their experience to find suitable solutiongh problems. They use, among other things:
prototypes, scale models, simulation, destructiveé mondestructive testing. In order to put
knowledge to work for society, engineers must b& ab work across many different
disciplines and fields and make thennectionthat will lead to deeper insights and more
creative solutions. Since engineering itself isimegrative process, engineering education
must likewise be integrative. The crucial questginwhat and how much does an engineer
has to learn in order to be able to build somethiBp-systems are related to vegetal, animal,
human and environmental fields. What should be difeerence between Engineering
Education and Bio-systems Engineering Education?

The work in Bio-systems Engineering requires prafbwnderstanding of the features
of bio-systems, including human beings. The spistsalneed a relatively complete
biophysical and medical knowledge to identify amdve integrated problems and imagine
and design innovative products, devices and praoesdény curriculum in this field, have to
be based on the following general competences: lafityato apply knowledge of
mathematics, science and engineering; an abiliggeign and conduct experiments, as well
as to analyze and interpret data; an ability ®igiea system, component, or process to meet
desired needs; an ability to function on multi-ghfioary teams; an ability to identify,
formulate and solve engineering problems; an umaeding of professional and ethical
responsibility; an ability to communicate effectigethe broad education necessary to
understand the impact of engineering solutions ghoal and societal context; a recognition
of need for, and an ability to engage in life-lolegrning; a knowledge of contemporary
issues; an ability to use the techniques, skillg] modern engineering tools necessary for
engineering practice; an understanding of biolagy physiology, and the capability to apply
advanced mathematics, science and engineeringlve #we problems at the interface of
engineering and biology; the ability to make measwents on and interpret data from living
systems, addressing the problems associated vatmtéraction living / non-living materials
and systems.

As is already known, a new educational path wagi@do consisting of a first level
degree (Bachelor) eventually followed by a secoemkll specialist degree or Master and
finally by the PhD. For a better correlation betwethe needs of education and the
requirements of job competence, a scheme illustzatie relationship between engineering /
biological knowledge and bio-systems components eesloped (Fig. 3). This scheme is
developed in a systemic concept so each elementomaleveloped in other subsystems and
may be quantified in terms of credits or percentegated to the whole program of study.
Based on this scheme we can more easily develdpdst program for undergraduate (BS),
graduate (MS and PhD) and lifelong learning inagacultural and biomedical fields.

Curricula development

First, a curriculum for a master program in agro-fystem engineering dedicated to our
country is proposed. The development of the studhgnam is based on the following
considerations:

- the agricultural process is still in a transfotimia stage;



- the education systems are in the period of restring - most of the Higher Education
Institutions strongly support the ideas of the Bola Declaration, as well as the creation of a
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Figure 3: The scheme illustrating the relationdieépveen engineering / biology
knowledge and biological components

European Area of Higher Education;



- the proposed curricula is based on FEANI critema is in line with current trends in
European agricultural/bio-systems Engineering etlicaThe courses cover new application
areas for bio-systems engineering (processing eamsformation of agro-products, quality
control of agro-food products, new orientation oflustry toward agricultural products like
biomaterials, waste treatment in agricultural seeto.);

- the package of courses proposed for the mastegrggn of study integrates higher
knowledge for a specific practice-oriented purpaseveloping a capacity for creation and
technological innovation, opening tremendous padgs#s in the agro-bio sectors.

Figure 4 presents the structure of the master progcourses in agro-bio-systems
engineering. The program is nanmdster Program in Agro-food Products Processimbis
program integrates courses related to vegetal, anifood and non-food production,
enabling graduates to get jobs in different seabbithe agriculture, food industry, as well as,
in bio-sensors manufacturing, quality control ofcagfood products etc.

The program of study is extended over a periodwaf years and a total of 120 credit
points [CP] is needed. Each course (lectures +ceses) has a number of hours equal with

6 x number of CP. For Projects / essays 18 CRilareated (480 hours in total). For Master
Thesis 30 CP are allocated (800 hours in total).
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Figure 4. The structure of the Master study progragro-Food Products Processing.



CONCLUSIONS

Today, engineering is increasingly oriented towlarohg beings, to nature and human
beings. The strong link between engineering andobyo is required by the current
developments in both areas and by the needs daétgpdetermining the progress in the field
of Bio-systems Engineering. The Bio-systems Engingeeducation has to respond to multi-
disciplinary requirements. The challenge for theaadors is to develop the courses that are
relevant to the needs of health care, agricultocethe food industry.

The basic principles and objectives of BiomedicabiBeering are emphasized. The
most important peculiarities of Bio-system Engimegr Education are presented. The
relationship between engineering/biological knowked and medical/agro-biological
components was established in a systemic mannercamgtula for Agro-food Products
Processingnaster study programs, was developed.

Bio-systems Engineering offers hope and meansdrbéitle to ensure a high quality of
life, to overcome poverty and dearth. Perhaps & generation will name the 21-th century
the century of théBio-engineering revolution”.
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