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B�oeng�neer�ng

What �s B�oeng�neer�ng?

B�oeng�neer�ng �s a mult�d�sc�pl�nary f�eld that comb�nes
pr�nc�ples and techn�ques from b�ology, eng�neer�ng, and
other related sc�ences to develop technolog�es and
solut�ons for �mprov�ng healthcare, med�c�ne, and the
overall qual�ty of l�fe. The pr�mary goal of b�oeng�neer�ng �s
to apply eng�neer�ng pr�nc�ples to b�olog�cal systems,
address�ng challenges and develop�ng �nnovat�ons that
benef�t both human health and the env�ronment.
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What Do We Expect?

We expect students reg�ster�ng for the b�oeng�neer�ng
category to br�ng a robust �nterd�sc�pl�nary knowledge of
b�ology and eng�neer�ng. Innovat�ve th�nk�ng, strong
problem-solv�ng sk�lls, and an ab�l�ty to work collaborat�vely
�n mult�d�sc�pl�nary teams are essent�al. Clear
commun�cat�on, eth�cal cons�derat�ons, and adaptab�l�ty to
dynam�c challenges are key attr�butes. Successful
part�c�pants should demonstrate effect�ve project
management, attent�on to deta�l, and a genu�ne pass�on
for b�oeng�neer�ng. Th�s category prov�des an opportun�ty
for students to showcase the�r creat�v�ty and contr�bute to
b�ology/healthcare w�th an eng�neer�ng approach.

Teams can part�c�pate �n the compet�t�on e�ther w�th an
exper�mental proposal or conceptual/theoret�cal proposal.
Teams opt�ng for exper�mental proposal part�c�pat�on or
conceptual proposal part�c�pat�on must prov�de a
comprehens�ve and deta�led methodology, ensur�ng that
the�r approach al�gns w�th the compet�t�on's standards.
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Key Aspects of Th�s F�eld Include:

1) B�omechan�cs

The study of the mechan�cal aspects of l�v�ng organ�sms,
focus�ng on how b�olog�cal structures and systems move,
funct�on, and respond to forces. It appl�es pr�nc�ples of
phys�cs and eng�neer�ng to analyze the mechan�cs of
bones, muscles, tendons, and other b�olog�cal t�ssues.
B�omechan�cs plays a cruc�al role �n understand�ng human
and an�mal movement. Some of the projects �n th�s
subf�eld may �nclude: 

Develop�ng wearable sensors (technolog�es) to analyze
and �mprove ga�t patterns �n �nd�v�duals recover�ng
from �njur�es or surger�es.
Develop�ng and/or opt�m�z�ng the des�gn of orthoped�c
�mplants / prosthet�c l�mbs.
Des�gn of equ�pment such as footwear or protect�ve
gear, based on b�omechan�cal data.
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2) B�oelectron�cs and B�osensors 

B�oelectron�cs and b�osensors are �nterd�sc�pl�nary f�elds
that merge b�ology w�th electron�cs to develop dev�ces
capable of sens�ng and �nterfac�ng w�th b�olog�cal systems.
B�osensors are spec�al�zed dev�ces des�gned to detect and
quant�fy b�olog�cal molecules or processes, often for
med�cal, env�ronmental, or �ndustr�al purposes.
B�oelectron�cs �nvolves the �ntegrat�on of b�olog�cal
components, such as enzymes or cells, w�th electron�c
systems to create dev�ces that can convert b�olog�cal
s�gnals �nto electr�cal s�gnals or v�ce versa. Some of the
projects �n th�s subf�eld may �nclude:

D�sease Mon�tor�ng Implants/B�osensors
Po�nt-of-Care D�agnost�cs.
Env�ronmental B�osensors to detect pollutants,
pathogens, or spec�f�c chem�cals.
Wearable b�osensors that track var�ous phys�olog�cal
parameters.
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3) Med�cal Imag�ng

Med�cal �mag�ng refers to the techn�ques and technolog�es
used to create v�sual representat�ons of the �nter�or of a
body for cl�n�cal analys�s and med�cal �ntervent�on. It
enables healthcare profess�onals to v�sual�ze the structure
and funct�on of organs, t�ssues, and phys�olog�cal
processes, a�d�ng �n the d�agnos�s, mon�tor�ng, and
treatment of var�ous med�cal cond�t�ons. Common med�cal
�mag�ng modal�t�es �nclude X-ray, computed tomography
(CT), magnet�c resonance �mag�ng (MRI), ultrasound, and
nuclear med�c�ne techn�ques, each offer�ng un�que
�ns�ghts �nto d�fferent aspects of the body's anatomy and
pathology. Some of the projects �n th�s subf�eld may
�nclude:

Art�f�c�al Intell�gence for Image Analys�s,
Reconstruct�on, and Qual�ty Enhancement
Real-t�me B�omed�cal Image Process�ng
Solut�ons for Inverse Problems �n Med�cal Imag�ng
3D Pr�nt�ng from Med�cal Imag�ng Data
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4) B�omater�als

B�omater�als are substances eng�neered to �nteract w�th
b�olog�cal systems for med�cal or therapeut�c purposes.
These mater�als are des�gned to be compat�ble w�th l�v�ng
t�ssues, promot�ng spec�f�c b�olog�cal responses wh�le
possess�ng phys�cal and chem�cal propert�es su�table for
var�ous appl�cat�ons. B�omater�als play a cruc�al role �n
med�cal �mplants, t�ssue eng�neer�ng, drug del�very
systems, and regenerat�ve med�c�ne. They are selected and
ta�lored based on the�r ab�l�ty to �ntegrate w�th the body,
prov�de mechan�cal support, and, �n some cases, fac�l�tate
controlled �nteract�ons for therapeut�c or d�agnost�c
purposes. Examples �nclude b�ocompat�ble polymers,
ceram�cs, metals, and compos�te mater�als that are ut�l�zed
to create dev�ces l�ke art�f�c�al jo�nts, scaffolds for t�ssue
regenerat�on, and drug-elut�ng �mplants.
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5) Neurotechnology 

Neurotechnology �s a mult�d�sc�pl�nary f�eld of study that
focuses on understand�ng the structure and funct�on of
the nervous system, wh�ch �ncludes the bra�n, sp�nal cord,
and per�pheral nerves. It a�ms to unravel the mechan�sms
underly�ng percept�on, learn�ng, memory, emot�ons, and
var�ous neurolog�cal d�sorders, contr�but�ng to
technolog�cal advancements �n med�c�ne, psychology. The
projects may �nclude:

Bra�n-Mach�ne Interact�ons: Develop BMI technolog�es
that allow d�rect commun�cat�on between the bra�n
and external dev�ces.
Neuro�mag�ng Stud�es: Conduct funct�onal magnet�c
resonance �mag�ng (fMRI) or pos�tron em�ss�on
tomography (PET) stud�es to �nvest�gate bra�n act�v�ty
patterns
Neural S�gnal Process�ng: Create/Improve algor�thms
for process�ng and �nterpret�ng neural s�gnals recorded
from bra�n-computer �nterfaces or neuro�mag�ng
techn�ques
Neuro-robot�cs, Neural Probes and Sensors for
record�ng or st�mulat�ng neural act�v�ty w�th h�gh
prec�s�on
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6) B�oreactors Des�gn

B�oreactors are a central tool �n b�ology and
b�oeng�neer�ng. They are used espec�ally for grow�ng cells,
bacter�a, or m�croorgan�sms under controlled cond�t�ons.
They allow prec�se control over factors l�ke temperature,
oxygen levels, and nutr�ents. They are des�gned by
mathemat�cal modell�ng, equat�ons solved e�ther w�th
hand or computer software. The projects may �nclude:

Cell Culture and T�ssue Eng�neer�ng: B�oreactors are
essent�al for grow�ng cells and t�ssues. Th�s has
appl�cat�ons �n develop�ng art�f�c�al organs or t�ssues for
med�cal transplants.
Pharmaceut�cal Product�on: B�oreactors are used to
produce pharmaceut�cal products, l�ke vacc�nes and
ant�b�ot�cs. Cells or m�croorgan�sms are grown �n
b�oreactors to produce these substances.
Env�ronmental B�otechnology: B�oreactors can be used
to break down pollutants �n the env�ronment.
M�croorgan�sms �n b�oreactors can degrade tox�c
substances, help�ng to clean up env�ronmental sp�lls.
Food and Beverage Industry: In the product�on of �tems
l�ke beer, w�ne, and cheese, b�oreactors are used for
fermentat�on processes.
B�ofuel Product�on: B�oreactors can cult�vate
m�croorgan�sms or algae that produce b�ofuels, offer�ng
a renewable energy source.
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 Tools for B�oeng�neer�ng

These tools empower you to comb�ne the pr�nc�ples of
b�ology and eng�neer�ng, foster�ng �nnovat�on and
problem-solv�ng �n the f�eld of b�oeng�neer�ng.

Computat�onal B�ology:
Computat�onal B�ology appl�es math and computer
sc�ence to model and s�mulate b�olog�cal processes, a�d�ng
�n understand�ng complex systems l�ke prote�n structures
and genet�c �nteract�ons.

B�o�nformat�cs:
B�o�nformat�cs �ntegrates b�ology w�th �nformat�cs to
manage and analyze b�olog�cal data, help�ng students
explore genet�c var�at�ons, annotate genomes, and der�ve
�ns�ghts from large datasets.

BLAST (Bas�c Local Al�gnment Search Tool): A powerful
tool for compar�ng nucleot�de or prote�n sequences,
a�d�ng �n the �dent�f�cat�on of s�m�lar�t�es and funct�onal
relat�onsh�ps.

B�oPython: A collect�on of freely ava�lable tools for
b�olog�cal computat�on wr�tten �n Python, prov�d�ng a
w�de range of modules for tasks such as sequence
analys�s, 3D structure, and more.

B�opython B�o�nformat�cs Toolk�t: An open-source
collect�on of Python tools for computat�onal b�ology,
allow�ng students to man�pulate b�olog�cal data
eff�c�ently. 

B�oeng�neer�ng
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Autodesk Fus�on 360: Ideal for b�oeng�neers engaged �n
CAD (Computer-A�ded Des�gn) and model�ng,
fac�l�tat�ng the creat�on and v�sual�zat�on of 3D des�gns.

COMSOL Mult�phys�cs: A comprehens�ve s�mulat�on
software that �ntegrates var�ous phys�cal phenomena,
enabl�ng students to s�mulate and opt�m�ze
b�oeng�neer�ng systems.

LabVIEW (Laboratory V�rtual Instrument Eng�neer�ng
Workbench): W�dely used for data acqu�s�t�on,
�nstrument control, and automat�on, prov�d�ng a
flex�ble platform for �ntegrat�ng hardware and software
�n the lab.
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The tools ment�oned above are just a select�on to get you
started. Part�c�pants are encouraged to explore and ut�l�ze
a var�ety of tools beyond these suggest�ons. There �s no
mandatory requ�rement to st�ck to these; feel free to
choose and exper�ment w�th any tools that al�gn w�th your
project goals. The compet�t�on values creat�v�ty and
�nnovat�on, so do not hes�tate to explore a d�verse set of
tools to enhance your b�oeng�neer�ng project.

Note:
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1. Choose a Current Problem: 
Clearly def�ne the problem or challenge addressed by the
project and emphas�ze the �mportance of address�ng the
problem. 

2.  L�terature Rev�ew and Background Research:
Demonstrate a comprehens�ve l�terature rev�ew,
showcas�ng awareness of ex�st�ng research, technolog�es,
and advancements related to the chosen b�oeng�neer�ng
problem.

3. Develop a Solut�on to Address the Problem: Propose
an �nnovat�ve and creat�ve solut�on that goes beyond
convent�onal methods, demonstrat�ng a un�que
eng�neer�ng approach to address the �dent�f�ed problem.

4. Future D�rect�ons:
D�scuss the solut�on’s potent�al for future development and
�mprovements and �ts �mpl�cat�ons for b�osecur�ty/eth�cs.
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Evaluat�on Cr�ter�a:

1. Innovat�on and Creat�v�ty:
The project demonstrates a h�gh level of �nnovat�on,
showcas�ng creat�ve solut�ons to address the
b�oeng�neer�ng problem or challenge.

2. Cost Analys�s and Budget�ng:
Is the solut�on to the problem cost-effect�ve and �f yes, how
�t stands out among the trad�t�onal approaches?

3. Exper�mental Des�gn
The team offered a  set of exper�ments and hypotheses
requ�red to completely demonstrate the effect�veness of
the�r approach. Future exper�ments that must be
completed are l�sted �n case the team �s unable to f�n�sh all
of the exper�ments w�th�n the compet�t�on deadl�ne or �s
on the proposal track. Any hardware/software created w�ll
be evaluated.
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4. Commun�cat�on Sk�lls: 
The project’s deta�ls are effect�vely commun�cated through
well-wr�tten reports, clear presentat�ons, and, �f appl�cable,
engag�ng demonstrat�ons. The ab�l�ty to art�culate complex
concepts to both techn�cal and non-techn�cal aud�ences �s
cruc�al.

5. Feas�b�l�ty/Reproduc�b�l�ty: 
Assessment of the pract�cal�ty and v�ab�l�ty of translat�ng
the project from concept to real-world appl�cat�on. The
proposed solut�on �s techn�cally feas�ble and reproduc�ble
based on current knowledge, ava�lable technology, and the
state of the f�eld. Complex�ty of the proposed des�gn and
any potent�al techn�cal challenges are cons�dered.

6. Eth�cal Cons�derat�ons / B�osafety:
Eth�cal cons�derat�ons assoc�ated w�th the project,
�nclud�ng safety measures, potent�al r�sks, and the broader
soc�etal �mpact of the b�oeng�neer�ng solut�on.
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Teams have the opt�on to engage �n e�ther exper�mental
proposal projects or conceptual projects. If a team �s
unable to fulf�ll the necessary exper�ments w�th�n the
spec�f�ed per�od of t�me, the�r evaluat�on w�ll be
conducted under the conceptual proposal category.
Wh�le exper�mental part�c�pat�on �s encouraged, ensured
exper�ments are completed accord�ngly, teams
engag�ng �n conceptual proposal projects and
exper�mental proposal projects are cond�t�oned to
prov�de an extended methodology �n the project report.

Rem�nder:
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Innovation and Creativity
275

Design Methodology
275

Communication
200

Feasibilty
150

Cost/(Accessibility)
100

Score D�str�but�on:
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