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Neural	network	is	the	fusion	of	artificial	intelligence	and	brain-inspired	design	that	reshapes	modern	computing.	With	intricate	layers	of	interconnected	artificial	neurons,	these	networks	emulate	the	intricate	workings	of	the	human	brain,	enabling	remarkable	feats	in	machine	learning.	There	are	different	types	of	neural	networks,	from	feedforward	to
recurrent	and	convolutional,	each	tailored	for	specific	tasks.	This	article	covers	its	real-world	applications	across	industries	like	image	recognition,	natural	language	processing,	and	more.	Read	on	to	know	everything	about	neural	network	in	machine	learning!These	Learning	algorithms	will	help	you	optimise	these	adaptive	networks	while	it	is
computer	science	or	having	different	deep	learning	algorithms.	This	article	was	published	as	a	part	of	theData	Science	Blogathon.	Table	of	contents	Neural	networks	mimic	the	basic	functioning	of	the	human	brain	and	draw	inspiration	from	how	the	brain	interprets	information.	They	solve	various	real-time	tasks	due	to	their	ability	to	perform
computations	quickly	and	respond	rapidly.	Artificial	Neural	Network	has	a	huge	number	of	interconnected	processing	elements,	also	known	as	Nodes.	These	nodes	are	connected	with	other	nodes	using	a	connection	link.	The	connection	link	contains	weights,	these	weights	contain	the	information	about	the	input	signal.	Each	iteration	and	input	in	turn
leads	to	updation	of	these	weights.	After	inputting	all	the	data	instances	from	the	training	dataset,	the	final	weights	of	the	neural	network,	along	with	its	architecture,	form	the	trained	neural	network.	This	process	is	called	training	neural	networks.	These	trained	neural	networks	solve	specific	problems	defined	in	the	problem	statement.	Artificial
neural	networks	can	solve	tasks	such	as	classification	problems,	pattern	matching,	and	data	clustering.	We	use	artificial	neural	networks	because	they	learn	very	efficiently	and	adaptively.	They	have	the	capability	to	learn	how	to	solve	a	specific	problem	from	the	training	data	it	receives.	After	learning,	the	model	can	solve	that	specific	problem	very
quickly	and	efficiently	with	high	accuracy.	Some	real-life	applications	of	neural	networks	include	Air	Traffic	Control,	Optical	Character	Recognition	as	used	by	some	scanning	apps	like	Google	Lens,	Voice	Recognition,	etc.	Neural	networks	find	applications	across	various	domains	for:	Identifying	objects,	faces,	and	understanding	spoken	language	in
applications	like	self-driving	cars	and	voice	assistants.	Analyzing	and	understanding	human	language,	enabling	sentiment	analysis,	chatbots,	language	translation,	and	text	generation.	Diagnosing	diseases	from	medical	images,	predicting	patient	outcomes,	and	drug	discovery.	Predicting	stock	prices,	credit	risk	assessment,	fraud	detection,	and
algorithmic	trading.	Personalizing	content	and	recommendations	in	e-commerce,	streaming	platforms,	and	social	media.	Powering	robotics	and	autonomous	vehicles	by	processing	sensor	data	and	making	real-time	decisions.	Enhancing	game	AI,	generating	realistic	graphics,	and	creating	immersive	virtual	environments.	Monitoring	and	optimizing
manufacturing	processes,	predictive	maintenance,	and	quality	control.	Analyzing	complex	datasets,	simulating	scientific	phenomena,	and	aiding	in	research	across	disciplines.	Generating	music,	art,	and	other	creative	content.	Explore	different	kinds	of	neural	networks	in	machine	learning	in	this	section:	ANN	also	goes	by	the	name	of	artificial	neural
network.	It	functions	as	a	feed-forward	neural	network	because	the	inputs	move	in	the	forward	direction.	It	can	also	contain	hidden	layers	which	can	make	the	model	even	denser.	They	have	a	fixed	length	as	specified	by	the	programmer.	It	is	used	for	Textual	Data	or	Tabular	Data.	A	widely	used	real-life	application	is	Facial	Recognition.	It	is
comparatively	less	powerful	than	CNN	and	RNN.	CNNs	is	mainly	used	for	Image	Data.	It	is	used	for	Computer	Vision.	Some	of	the	real-life	applications	are	object	detection	in	autonomous	vehicles.	It	contains	a	combination	of	convolutional	layers	and	neurons.	It	is	more	powerful	than	both	ANN	and	RNN.	It	is	also	known	as	RNNs.	It	is	used	to	process
and	interpret	time	series	data.	In	this	type	of	model,	the	output	from	a	processing	node	is	fed	back	into	nodes	in	the	same	or	previous	layers.	The	most	known	types	of	RNN	are	LSTM	(Long	Short	Term	Memory)	Networks	Now	that	we	know	the	basics	about	these	Networks,	We	know	that	Neural	Networks	learning	capability	is	what	makes	it
interesting.	Supervised	Learning	Unsupervised	Learning	Reinforcement	Learning	As	the	name	suggests	Supervised	Learning,	it	is	a	type	of	learning	that	is	looked	after	by	a	supervisor.	It	is	like	learning	with	a	teacher.	You	input	all	the	data	instances	from	the	training	dataset,	and	the	final	weights	of	the	neural	network,	along	with	its	architecture,
define	the	trained	neural	network.This	process	involves	training	neural	networks.	These	trained	neural	networks	solve	specific	problems	defined	in	the	problem	statement.	In	this,	there	is	feedback	from	the	environment	to	the	model.	Unlike	supervised	learning,	there	is	no	supervisor	or	a	teacher	here.	In	this	type	of	learning,	there	is	no	feedback	from
the	environment,	there	is	no	desired	output	and	the	model	learns	on	its	own.	During	the	training	phase,	you	form	the	inputs	into	classes	that	define	the	similarity	of	the	members.	Each	class	contains	similar	input	patterns.	On	inputting	a	new	pattern,	it	can	predict	to	which	class	that	input	belongs	based	on	similarity	with	other	patterns.	If	there	is	no
such	class,	a	new	class	is	formed.	It	gets	the	best	of	both	worlds,	that	is,	the	best	of	both	Supervised	learning	and	Unsupervised	learning.	It	is	like	learning	with	a	critique.	Here	there	is	no	exact	feedback	from	the	environment,	rather	there	is	critique	feedback.	The	critique	tells	how	close	our	solution	is.	Hence	the	model	learns	on	its	own	based	on	the
critique	information.	It	is	similar	to	supervised	learning	in	that	it	receives	feedback	from	the	environment,	but	it	is	different	in	that	it	does	not	receive	the	desired	output	information,	rather	it	receives	critique	information.	A	Convolutional	Neural	Network	(CNN)	is	a	type	of	artificial	intelligence	especially	good	at	processing	images	and	videos.	They
draw	inspiration	from	the	structure	of	the	human	visual	cortex.	You	can	use	CNNs	in	many	applications,	including	image	recognition,	facial	recognition,	and	medical	imaging	analysis.	They	are	able	to	automatically	extract	features	from	images,	which	makes	them	very	powerful	tools.	Here	are	some	key	points	about	CNNs,	incorporating	your
keywords	naturally:	Input	Layer:	CNNs	start	with	an	input	layer	that	takes	in	the	raw	image	data.	Nonlinear:	They	apply	nonlinear	activation	functions,	like	the	sigmoid,	to	introduce	nonlinearity	into	the	model.	Advancements:	Recent	advancements	in	CNNs	have	significantly	improved	their	performance	in	various	tasks.	Next	Layer:	After	the
convolutional	layer,	the	next	layer	typically	involves	pooling	or	another	convolution	to	further	process	the	data.	Pattern	Recognition:	CNNs	are	exceptional	at	pattern	recognition,	which	is	crucial	for	tasks	like	image	and	speech	recognition.	Multilayer	Perceptron:	While	CNNs	are	distinct	from	traditional	multilayer	perceptrons,	they	often	incorporate
fully	connected	layers	similar	to	those	in	MLPs.	Sigmoid:	The	network	often	uses	nonlinear	activation	functions,	such	as	the	sigmoid	function,	to	add	nonlinearity.	Automate:	CNNs	help	automate	the	feature	extraction	process,	reducing	the	need	for	manual	intervention.	According	to	Arthur	Samuel,	one	of	the	early	American	pioneers	in	the	field	of
computer	gaming	and	artificial	intelligence,	he	defined	machine	learning	as:	Suppose	we	arrange	for	some	automatic	means	of	testing	the	effectiveness	of	any	current	weight	assignment	in	terms	of	actual	performance	and	provide	a	mechanism	for	altering	the	weight	assignment	so	as	to	maximize	the	performance.	We	need	not	delve	into	the	details	of
such	a	procedure	to	see	that	it	could	become	entirely	automatic	and	that	a	machine	programmed	this	way	would	learn	from	its	experience.	we	can	think	of	an	artificial	neuron	as	a	simple	or	multiple	linear	regression	model	with	an	activation	function	at	the	end.	A	neuron	from	layer	i	will	take	the	output	of	all	the	neurons	from	the	later	i-1	as	inputs
calculate	the	weighted	sum	and	add	bias	to	it.	After	this	is	sent	to	an	activation	function	as	we	saw	in	the	previous	diagram.	The	first	neuron	in	the	first	layer	connects	to	all	the	inputs	from	the	previous	layer.	Similarly,	the	second	neuron	in	the	first	hidden	layer	also	connects	to	all	the	inputs	from	the	previous	layer,	and	this	pattern	continues	for	all
neurons	in	the	first	hidden	layer.	You	consider	the	outputs	of	the	previously	hidden	layer	as	inputs	for	the	neurons	in	the	second	hidden	layer,	and	each	of	these	neurons	connects	to	the	previous	neurons.	This	whole	process	is	called	forward	propagation.	After	this,	there	is	an	interesting	thing	that	happens.	Once	we	have	predicted	the	output	it	is	then
compared	to	the	actual	output.	We	then	calculate	the	loss	and	try	to	minimize	it.	But	how	can	we	minimize	this	loss?	For	this,	there	comes	another	concept	which	is	known	as	Back	Propagation.	We	will	understand	more	about	this	in	another	article.	I	will	tell	you	how	it	works.	First,	you	calculate	the	loss,	then	you	adjust	the	weights	and	biases	to
minimize	the	loss.	You	update	the	weights	and	biases	using	another	algorithm	called	gradient	descent.	We	will	understand	more	about	gradient	descent	in	a	later	section.	We	basically	move	in	the	direction	opposite	to	the	gradient.	This	concept	is	derived	from	the	Taylor	series.	Heres	a	comparison	of	Machine	Learning	and	Deep	Learning	in	the
context	of	neural	networks:	AspectMachine	LearningDeep	LearningHierarchy	of	LayersTypically	shallow	architecturesDeep	architectures	with	many	layersFeature	ExtractionManual	feature	engineering	neededAutomatic	feature	extraction	and	representation	learningFeature	LearningLimited	ability	to	learn	complex	featuresCan	learn	intricate
hierarchical	featuresPerformanceMay	have	limitations	on	complex	tasksExcels	in	complex	tasks,	especially	with	big	dataData	RequirementsRequires	carefully	curated	featuresCan	work	with	raw,	unprocessed	dataTraining	ComplexityRelatively	simpler	to	trainRequires	substantial	computation	powerDomain	SpecificityMay	need	domain-specific
tuningCan	generalize	across	domainsApplicationsEffective	for	smaller	datasetsParticularly	effective	with	large	datasetsRepresentationsRelies	on	handcrafted	feature	representationsLearns	hierarchical	representationsInterpretabilityOffers	better	interpretabilityOften	seen	as	a	black	boxAlgorithm	DiversityUtilizes	various	algorithms	like	SVM,
Random	ForestMostly	relies	on	neural	networksComputational	DemandLighter	computational	requirementsHeavy	computational	demandScalabilityMay	have	limitations	in	scaling	upScales	well	with	increased	data	and	resources	Neural	networks	and	deep	learning	are	related	but	distinct	concepts	in	the	field	of	machine	learning	and	artificial
intelligence.	Its	important	to	understand	the	differences	between	the	two.	These	network	is	a	computational	model	inspired	by	the	structure	and	function	of	biological	neural	networks	in	the	human	brain.	It	consists	of	interconnected	nodes,	called	artificial	neurons,	that	transmit	signals	between	each	other.	The	connections	have	numeric	weights	that
you	can	tune,	allowing	the	neural	network	to	learn	and	model	complex	patterns	in	data.	Neural	networks	can	be	shallow,	with	only	one	hidden	layer	between	the	input	and	output	layers,	or	they	can	have	multiple	hidden	layers,	making	them	deep	neural	networks.	Even	shallow	neural	networks	are	capable	of	modeling	non-linear	data	and	learning
complex	relationships.	It	is	a	subfield	of	machine	learning	that	utilizes	deep	neural	networks	with	multiple	hidden	layers.	Deep	neural	networks	can	automatically	learn	hierarchies	of	features	directly	from	data,	without	requiring	manual	feature	engineering.	The	depth	of	the	neural	network,	with	many	layers	of	increasing	complexity,	allows	the	model
to	learn	rich	representations	of	raw	data.	This	depth	helps	deep	learning	models	discover	intricate	structure	in	high-dimensional	data,	making	them	very	effective	for	tasks	like	image	recognition,	natural	language	processing,	and	audio	analysis.	While	all	deep	learning	models	are	NNs,	not	all	NN	are	deep	learning	models.	The	main	distinction	is	the
depth	of	the	model:	Deep	learning	models	have	many	hidden	layers	(often	more	than	5	or	even	hundreds),	while	shallow	neural	networks	have	only	one	or	a	few	hidden	layers.	Deep	learning	models	can	automatically	learn	features	from	raw	data,	while	shallow	networks	often	require	manual	feature	engineering.	Deep	learning	models	excel	at	finding
patterns	in	highly	complex,	high-dimensional	data	like	images,	audio,	and	text.	Shallow	neural	networks	are	simpler	and	can	be	effective	for	modeling	less	complex	data	with	fewer	features.	It	provide	a	general	framework	for	machine	learning	models	inspired	by	the	brain,	while	deep	learning	leverages	the	power	of	deep	NN	to	tackle	complex
problems	with	raw,	high-dimensional	data.	Deep	learning	has	achieved	remarkable	success	in	many	AI	applications,	but	shallow	NN	still	have	their	uses,	especially	for	less	complex	tasks	or	when	interpretability	is	important.	Neural	networks	have	enabled	amazing	achievements	in	a	variety	of	industries	and	transformed	modern	computing.	They
perform	complicated	tasks	like	image	recognition,	natural	language	processing,	and	predictive	analytics	with	unmatched	accuracy	thanks	to	their	brain-inspired	architecture	and	capacity	to	learn	from	data.	Neural	networks	provide	an	effective	toolkit	for	realizing	the	enormous	promise	of	artificial	intelligence,	whether	it	is	through	shallow	networks
modeling	basic	patterns	or	deep	learning	models	automatically	extracting	hierarchical	characteristics.	These	networks	will	continue	to	push	the	envelope	as	research	develops,	fostering	innovation	in	industries	ranging	from	finance	to	healthcare	and	influencing	how	we	think	about	intelligent	systems.	Discover	the	intriguing	realm	of	neural	networks
and	break	through	to	new	machine	learning	frontiers.	In	this	article	you	get	a	clear	understanding	of	neural	network	and	convoultional	neural	networks	,	these	networks	forecasting	their	input	nodes	their	learning	process.An	Single	layer	of	these	neural	nets	provides	logistic	,	walter	pitts	and	at	the	end	provide	output	node.	While	these	feedback	loops
provides	feedforward	network	to	neural	network	architecture	of	biological	neurons.	Join	our	course	on	Neural	Networks	and	revolutionize	your	understanding	of	AI.	Master	the	techniques	driving	breakthroughs	in	image	recognition,	NLP,	and	predictive	analytics.	Enroll	today	and	lead	the	future	of	innovation	in	fields	like	finance	and	healthcare!	Did
you	find	this	article	helpful?	Please	share	your	opinions/thoughts	in	the	comments	section	below.	Q1.	What	is	neural	network	vs	AI	A.	Neural	networks	are	a	subset	of	artificial	intelligence	(AI)	that	mimic	the	structure	and	function	of	the	human	brain	to	recognize	patterns	and	make	decisions.AI,	on	the	other	hand,	is	a	broader	field	encompassing
various	techniques	and	technologies	aimed	at	creating	systems	that	can	perform	tasks	requiring	human-like	intelligence.	Q2.	Is	ChatGPT	a	neural	network?	A.Yes,	ChatGPT	is	a	neural	network-based	model	developed	by	OpenAI.	It	uses	a	variant	of	the	Transformer	architecture,	specifically	the	GPT	(Generative	Pre-trained	Transformer)	architecture,
for	natural	language	processing	tasks	like	text	generation	and	understanding.	Q3.	What	is	neural	network	and	CNN?	A.A	neural	network	serves	as	a	computational	model	inspired	by	the	structure	and	function	of	the	human	brain,	consisting	of	interconnected	nodes	(neurons)	organized	in	layers.	Convolutional	Neural	Networks	(CNNs)	represent	a	type
of	network	specifically	designed	to	process	structured	grid-like	data,	such	as	images.	They	use	convolutional	layers	to	automatically	and	adaptively	learn	spatial	hierarchies	of	features	from	the	input	data.	Q4.	What	is	neural	network	in	Python?	A.	You	can	implement	neural	networks	in	Python	using	various	libraries	and	frameworks	such	as
TensorFlow,	Keras,	PyTorch,	and	scikit-learn.	These	libraries	provide	high-level	APIs	and	tools	for	building,	training,	and	deployingNNs	models	efficiently.	A	neural	network	is	a	processing	device,	either	an	algorithm	or	genuine	hardware,	that	endeavors	to	recognize	underlying	relationships	in	a	set	of	data	through	a	process	that	mimics	the	way	the
human	brain	operates.	The	computing	world	has	a	ton	to	acquire	from	neural	networks,	also	known	as	artificial	neural	networks	or	neural	nets.	The	neural	networks	have	the	ability	to	learn	by	example	which	makes	them	very	flexible,	entirely	adaptable,	and	powerful.For	neural	networks,	they	can	adapt	to	changing	input;	so	the	network	hence
produces	the	best	possible	result	without	redesigning	the	output	criteria.	The	neural	networks	have	a	great	extent	of	being	utilized	in	the	following	areas:	Air	traffic	control	could	be	automated	with	the	help	of	location,	elevation,	direction,	and	speed	of	each	radar	blip	which	could	be	taken	as	input	the	network.	As	a	result	of	this,	the	output	would	be
the	air	traffic	controller's	instruction	which	would	be	a	response	to	each	blip.Animal	behavior,	their	relationships,	and	population	cycles	may	be	apt	for	analysis	using	neural	networks.Evaluation	and	valuation	of	property,	buildings,	automobiles,	machinery,	etc.	should	be	an	easy	task	if	done	with	the	help	of	a	neural	network.Wagering	on	horse	races,
stock	markets,	sporting	events,	etc.	could	be	analyzed	with	the	help	of	neural	network	predictions.Criminal	sentencing	could	be	anticipated	using	a	large	sample	of	crime	details	as	input	and	the	resulting	sentences	as	output.Complete	physical	processes	that	revolve	around	various	mathematical	formulas	could	be	modeled	heuristically	using	a	neural
network.Data	mining,	cleaning,	and	validation	could	be	achieved	efficiently	if	we	find	out	which	records	suspiciously	diverge	from	the	pattern	of	their	peers.	This	could	be	done	with	the	help	of	a	neural	network.Direct	mail	advertisers	could	use	neural	network	analysis	of	their	databases	to	decide	which	customers	ought	to	be	focused	on,	and	avoid
wasting	money	on	improbable	targets.Weather	prediction	may	be	possible	using	a	neural	network.	Inputs	would	include	weather	reports	from	surrounding	areas.	Output(s)	could	be	the	future	weather	in	specific	areas	based	on	the	input	information.Examination	of	medical	issues	is	an	ideal	application	for	neural	networks.Research	in	medical	fields
relies	heavily	on	classical	insights	to	dissect	research	data.	Therefore,	a	neural	network	should	be	included	in	the	researcher's	tool	kit.Depth	of	river	water	could	be	predicted	based	on	upstream	reports,	and	the	time	and	location	of	each	report.Schedule	optimization	of	buses,	airplanes,	and	elevators	could	be	done	efficiently	by	predicting
demand.Staff	scheduling	optimization	for	restaurants,	retail	stores,	police	stations,	banks,	etc.,	could	be	done	based	on	the	customer	flow,	day	of	the	week,	paydays,	holidays,	weather,	season,	etc.Strategy	Analysis	for	games,	business,	and	war	can	be	performed	by	observing	the	expert	player's	response	to	given	stimuli.	For	example,	a	football	coach
must	decide	whether	to	kick,	piss	or	ruin	on	the	last	down.	Neural	networks,	inspired	by	the	human	brain,	have	revolutionized	industries	since	the	1950s.	Once	limited	by	data	and	computational	constraints,	they	now	excel	at	automating	complex	tasks	and	making	accurate	predictions,	driving	advances	in	medical	diagnostics	and	self-driving
cars.However,	challenges	such	as	the	need	for	large	datasets,	high	computational	costs,	and	issues	of	transparency	and	bias	must	be	addressed	to	unlock	their	potential	and	fully	ensure	fair,	efficient	use.Below,	we	examine	neural	networks'	key	benefits	and	challenges	with	relevant	industry	insights.Benefits	of	Neural	Networks	ApplicationsNeural
networks	offer	numerous	benefits,	including	handling	complex,	high-dimensional	data	and	learning	patterns	from	large	datasets.	Their	versatility	makes	them	suitable	for	various	applications	across	various	industries.	Below	are	some	key	benefits	and	their	corresponding	applications:	Benefit	Description	High	Accuracy	Neural	networks,	especially
deep	learning	models,	excel	at	processing	and	interpreting	complex	data,	leading	to	high	accuracy	in	tasks	such	as	image	recognition,	language	processing,	and	medical	diagnostics.	Data-Driven	Decision	Making	Neural	networks	can	analyze	vast	data	and	make	predictions	without	human	intervention.	This	capability	enhances	decision-making
processes,	particularly	in	fields	like	finance,	where	fraud	detection	systems	have	reduced	false	positives	by	over	50%.	Adaptability	to	New	Data	Neural	networks	continuously	improve	as	they	are	exposed	to	more	data.	Their	ability	to	adapt	and	optimize	over	time	is	vital	in	dynamic	environments,	such	as	autonomous	vehicles	that	use	real-time	sensor
data	to	navigate	complex	traffic	conditions.	Automation	of	Complex	Tasks	Neural	networks	automate	processes	that	were	traditionally	time-consuming	or	impossible.	In	manufacturing,	predictive	maintenance	powered	by	neural	networks	reduces	downtime	by	identifying	potential	failures	in	machinery	before	they	occur.	Handling	High-Dimensional
Data	Unlike	traditional	machine	learning	methods,	neural	networks	can	handle	high-dimensional	and	unstructured	data	(e.g.,	images,	text,	and	audio),	making	them	suitable	for	applications	in	computer	vision,	natural	language	processing,	and	voice	recognition.	Improved	Personalization	Neural	networks	excel	in	generating	personalized	experiences,
particularly	in	the	entertainment	and	e-commerce	industries.	By	analyzing	user	behavior	and	preferences,	neural	networks	enhance	recommendations	on	platforms	like	Netflix	and	Amazon,	boosting	engagement	and	customer	satisfaction.	Use	Case	Example:Heres	a	use	case	that	shows	how	neural	networks	solve	real-world	challenges,	enhancing
efficiency,	accuracy,	and	decision-making.Benefit	(High	Accuracy)Neural	networks	applications	in	autonomous	vehicles	optimize	energy	consumption	and	route	planning	by	analyzing	real-time	data,	predicting	traffic	patterns,	and	adjusting	driving	behavior.	The	system	dynamically	reroutes	to	avoid	congestion,	reduces	speed	in	heavy	traffic	to
conserve	energy,	and	regenerates	power	on	downhill	slopes.This	leads	to	improved	fuel	efficiency,	extended	range,	and	reduced	emissions,	benefiting	both	the	driver	and	the	environment.	Continuous	learning	allows	the	vehicle	to	refine	its	driving	strategies	more	efficiently.Also	Read:25	Powerful	Machine	Learning	Applications	Driving	Innovation	in
2025	Dive	into	unsupervised	learning	with	theUnsupervised	Learning:	Clustering	course,	and	learn	how	clustering	algorithms	help	train	neural	networks	by	uncovering	patterns	in	data.	Join	11k+	learners	and	master	clustering	techniques	in	11	hours.Challenges	of	Neural	Networks	ApplicationsDespite	their	powerful	capabilities,	neural	networks	face
several	challenges	that	can	limit	their	effectiveness	and	broad	adoption.These	challenges	must	be	addressed	to	ensure	optimal	performance	and	fairness	in	real-world	applications.	Below	are	some	key	challenges	and	their	implications:	Challenge	Description	Data	Requirement	Neural	networks	require	large	amounts	of	data	to	train	effectively.	Without
sufficient	and	high-quality	data,	these	models'	performance	can	be	suboptimal.	For	instance,	training	autonomous	vehicle	models	requires	millions	of	miles	of	driving	data	to	ensure	safety	and	accuracy.	Computational	Complexity	Neural	networks,	especially	deep	learning	models,	are	computationally	intensive,	requiring	high-performance	hardware
(e.g.,	GPUs).	This	can	make	training	models	time-consuming	and	costly,	limiting	their	use	for	smaller	companies	with	fewer	resources.	Lack	of	Transparency	Neural	networks	are	often	considered	"black-box"	models,	meaning	the	reasoning	behind	their	decisions	is	not	easily	interpretable.	This	lack	of	transparency	can	hinder	trust	and	adoption	in
sectors	like	healthcare,	where	decisions	must	be	explained	to	practitioners.	Overfitting	Neural	networks	are	prone	to	overfitting,	where	they	memorize	the	training	data	instead	of	generalizing	patterns.	This	is	a	significant	issue,	particularly	when	dealing	with	small	datasets	or	highly	complex	models.	Techniques	like	regularization	and	dropout	are
essential	to	mitigate	this	challenge.	Bias	in	Data	Neural	networks	can	inherit	biases	in	the	training	data,	leading	to	unfair	or	inaccurate	outcomes.	For	example,	facial	recognition	systems	are	less	accurate	for	people	of	color	due	to	biases	in	the	training	datasets,	which	can	have	profound	ethical	and	social	implications.	Long	Training	Times	Training
deep	neural	networks	can	take	days,	weeks,	or	even	months,	depending	on	the	model	complexity	and	dataset	size.	This	requires	substantial	computational	resources,	challenging	rapid	experimentation	or	iteration,	particularly	in	fast-paced	industries.	Lack	of	Generalization	While	neural	networks	perform	excellently	in	specific	tasks,	they	often
struggle	to	generalize	when	faced	with	new	or	unseen	data.	This	limits	their	ability	to	adapt	to	situations	outside	of	their	training	environment,	which	is	a	problem	in	real-world	applications	subject	to	continuous	change.	Use	Case	Example:Heres	a	challenge	highlighting	how	neural	networks	face	real-world	obstacles,	affecting	efficiency,	fairness,	and
decision-making.Challenge	(Bias	in	Data)A	facial	recognition	system	used	for	airport	security	was	criticized	for	being	biased	against	people	with	darker	skin	tones.	This	issue	arose	due	to	the	underrepresentation	of	people	of	color	in	the	training	dataset.	Ensuring	fairness	and	eliminating	bias	is	critical	for	broader	adoption	and	trust	in	neural	network
applications.Also	Read:What	is	Overfitting	&	Underfitting	In	Machine	Learning?	[Everything	You	Need	to	Learn]	Master	linear	regression	techniques	with	the	Linear	Regression	-	Step	by	Step	Guide	and	understand	how	to	build	predictive	models	for	neural	network	training.	Join	8k+	learners	and	strengthen	your	data	manipulation	skills	in	21
hours.As	neural	networks	evolve,	their	impact	on	industries,	innovation,	and	daily	life	grows	stronger.	The	next	wave	of	AI	and	machine	learning	breakthroughs	hinges	on	our	ability	to	understand	and	apply	neural	networks	effectively.Transforming	the	Future:	Advancements	and	Potential	of	Neural	NetworksHave	you	ever	wondered	what	forms	the
basis	of	May	I	know	you	page	that	facebook	directed	you	when	you	were	busy	scrolling	through	or	how	your	online	signatures	are	verified	?	Remember	the	crime	documentaries	where	graphologist	analyzes	murders	handwriting	for	finding	the	real	culprit.	Long	gone	are	the	days	when	all	these	nitty	gritty	tasks	were	in	human	hands,	now	artificial
intelligence	has	taken	over	these	assessments.	In	the	modern	era	neural	networks	are	assisting	humans	to	survive	the	new	age	transitions	in	education,	financial,	aerospace	and	automotive	sectors.	But	before	knowing	how	they	are	giving	different	sectors	a	push,	it	is	first	important	to	understand	the	basic	concept	of	neural	networks	and	deep
learning.	Deep	Learning	Neural	networks	are	a	part	of	deep	learning,	which	comes	under	the	comprehensive	term,	artificial	intelligence.	Neural	networks	are	a	set	of	algorithms	that	are	modelled	after	the	human	brain.	These	networks	are	also	known	as	artificial	neural	networks	(ANN).	Sensory	neurons,	motor	neurons	and	interneurons	form	the
human	brain.	Artificial	neurons,	form	the	replica	of	the	human	brain	(i.e.	a	neural	network).	Artificial	Neural	Network	(ANN)	Artificial	Neural	Network	(ANN)	is	a	collection	of	connected	units	(nodes).	These	connected	units	are	known	as	artificial	neurons.	These	units	closely	resemble	the	original	neurons	of	a	human	brain.	Every	node	is	built	with	a
set	of	inputs,	weights,	and	a	bias	value.	Weights	of	the	neural	network	are	held	within	the	hidden	layers.	Weights	and	biases	are	learning	parameters	of	machine	learning	models,	they	are	modified	for	training	the	neural	networks.	Architecture	of	an	artificial	neural	network	Applications	of	Neural	Networks	Neural	Networks	are	regulating	some	key
sectors	including	finance,	healthcare,	and	automotive.	As	these	artificial	neurons	function	in	a	way	similar	to	the	human	brain.	They	can	be	used	for	image	recognition,	character	recognition	and	stock	market	predictions.	Lets	understand	the	diverse	applications	of	neural	networks	1.	Facial	Recognition	Facial	Recognition	Systems	are	serving	as	robust
systems	of	surveillance.	Recognition	Systems	matches	the	human	face	and	compares	it	with	the	digital	images.	They	are	used	in	offices	for	selective	entries.	The	systems	thus	authenticate	a	human	face	and	match	it	up	with	the	list	of	IDs	that	are	present	in	its	database.	Convolutional	Neural	Networks	(CNN)	are	used	for	facial	recognition	and	image
processing.	Large	number	of	pictures	are	fed	into	the	database	for	training	a	neural	network.	The	collected	images	are	further	processed	for	training.	Sampling	layers	in	CNN	are	used	for	proper	evaluations.	Models	are	optimized	for	accurate	recognition	results.	Also	Read:How	does	Basic	Convolution	Work	for	Image	Processing?	2.	Stock	Market
Prediction	Investments	are	subject	to	market	risks.	It	is	nearly	impossible	to	predict	the	upcoming	changes	in	the	highly	volatile	stock	market.	The	forever	changing	bullish	and	bearish	phases	were	unpredictable	before	the	advent	of	neural	networks.	But	well	what	changed	it	all?	Neural	Networks	of	course	To	make	a	successful	stock	prediction	in
real	time	a	Multilayer	Perceptron	MLP	(class	of	feedforward	artificial	intelligence	algorithm)	is	employed.	MLP	comprises	multiple	layers	of	nodes,	each	of	these	layers	is	fully	connected	to	the	succeeding	nodes.	Stocks	past	performances,	annual	returns,	and	non	profit	ratios	are	considered	for	building	the	MLP	model.	Also	Read:Facial	Recognition
Work	in	Deep	Learning?	Check	out	this	video	to	know	how	the	LTSM	model	is	built	for	making	predictions	in	the	stock	market.	3.	Social	Media	No	matter	how	cliche	it	may	sound,	social	media	has	altered	the	normal	boring	course	of	life.	Artificial	Neural	Networks	are	used	to	study	the	behaviours	of	social	media	users.	Data	shared	everyday	via	virtual
conversations	is	tacked	up	and	analyzed	for	competitive	analysis.	Neural	networks	duplicate	the	behaviours	of	social	media	users.	Post	analysis	of	individuals'	behaviours	via	social	media	networks	the	data	can	be	linked	to	peoples	spending	habits.	Multilayer	Perceptron	ANN	is	used	to	mine	data	from	social	media	applications.	MLP	forecasts	social
media	trends,	it	uses	different	training	methods	like	Mean	Absolute	Error	(MAE),	Root	Mean	Squared	Error	(RMSE),	and	Mean	Squared	Error	(MSE).	MLP	takes	into	consideration	several	factors	like	users	favourite	instagram	pages,	bookmarked	choices	etc.	These	factors	are	considered	as	inputs	for	training	the	MLP	model.	In	the	ever	changing
dynamics	of	social	media	applications,	artificial	neural	networks	can	definitely	work	as	the	best	fit	model	for	user	data	analysis.	Related	Blog:	Detection	of	Fake	and	False	Newsusing	CNNl	4.	Aerospace	Aerospace	Engineering	is	an	expansive	term	that	covers	developments	in	spacecraft	and	aircraft.	Fault	diagnosis,	high	performance	auto	piloting,
securing	the	aircraft	control	systems,	and	modeling	key	dynamic	simulations	are	some	of	the	key	areas	that	neural	networks	have	taken	over.	Time	delay	Neural	networks	can	be	employed	for	modellingnon	linear	time	dynamic	systems.	Time	Delay	Neural	Networks	are	used	for	position	independent	feature	recognition.	The	algorithm	thus	built	based
on	time	delay	neural	networks	can	recognize	patterns.	(Recognizing	patterns	are	automatically	built	by	neural	networks	by	copying	the	original	data	from	feature	units).	Other	than	this	TNN	are	also	used	to	provide	stronger	dynamics	to	the	NN	models.	As	passenger	safety	is	of	utmost	importance	inside	an	aircraft,	algorithms	built	using	the	neural
network	systems	ensures	the	accuracy	in	the	autopilot	system.	As	most	of	the	autopilot	functions	are	automated,	it	is	important	to	ensure	a	way	that	maximizes	the	security.	Applications	of	neural	networks	5.	Defence	Defence	is	the	backbone	of	every	country.	Every	countrys	state	in	the	international	domain	is	assessed	by	its	military	operations.
Neural	Networks	also	shape	the	defence	operations	of	technologically	advanced	countries.	The	United	States	of	America,	Britain,	and	Japan	are	some	countries	that	use	artificial	neural	networks	for	developing	an	active	defence	strategy.	Neural	networks	are	used	in	logistics,	armed	attack	analysis,	and	for	object	location.	They	are	also	used	in	air
patrols,	maritime	patrol,	and	for	controlling	automated	drones.	The	defence	sector	is	getting	the	much	needed	kick	of	artificial	intelligence	to	scale	up	its	technologies.	Convolutional	Neural	Networks(CNN),	are	employed	for	determining	the	presence	of	underwater	mines.	Underwater	mines	are	the	underpass	that	serve	as	an	illegal	commute	route
between	two	countries.	Unmanned	Airborne	Vehicle	(UAV),	and	Unmanned	Undersea	Vehicle	(UUV)	these	autonomous	sea	vehicles	use	convolutional	neural	networks	for	the	image	processing.	Convolutional	layers	form	the	basis	of	Convolutional	Neural	Networks.	These	layers	use	different	filters	for	differentiating	between	images.	Layers	also	have
bigger	filters	that	filter	channels	for	image	extraction.	6.	Healthcare	The	age	old	saying	goes	like	Health	is	Wealth.	Modern	day	individuals	are	leveraging	the	advantages	of	technology	in	the	healthcare	sector.	Convolutional	Neural	Networks	are	actively	employed	in	the	healthcare	industry	for	X	ray	detection,	CT	Scan	and	ultrasound.	As	CNN	is	used
in	image	processing,	the	medical	imaging	data	retrieved	from	aforementioned	tests	is	analyzed	and	assessed	based	on	neural	network	models.	Recurrent	Neural	Network	(RNN)	is	also	being	employed	for	the	development	of	voice	recognition	systems.	Voice	recognition	systemsare	used	these	days	to	keep	track	of	the	patients	data.	Researchers	are
also	employing	Generative	Neural	Networks	for	drug	discovery.	Matching	different	categories	of	drugs	is	a	hefty	task,	but	generative	neural	networks	have	broken	down	the	hefty	task	of	drug	discovery.	They	can	be	used	for	combining	different	elements	which	forms	the	basis	of	drug	discovery.	Also	Read:	Learning	Recurrent	Neural	Network	and
applications	7.Signature	Verification	and	Handwriting	Analysis	Signature	Verification	,	as	the	self	explanatory	term	goes,	is	used	for	verifying	an	individuals	signature.	Banks,	and	other	financial	institutions	use	signature	verification	to	cross	check	the	identity	of	an	individual.	Usually	a	signature	verification	software	is	used	to	examine	the	signatures.
As	cases	of	forgery	are	pretty	common	in	financial	institutions,	signature	verification	is	an	important	factor	that	seeks	to	closely	examine	the	authenticity	of	signed	documents.	Artificial	Neural	Networks	are	used	for	verifying	the	signatures.	ANN	are	trained	to	recognize	the	difference	between	real	and	forged	signatures.	ANNs	can	be	used	for	the
verification	of	both	offline	and	online	signatures.	For	training	an	ANN	model,	varied	datasets	are	fed	in	the	database.	The	data	thus	fed	help	the	ANN	model	to	differentiate.	ANN	model	employs	image	processing	for	extraction	of	features.	Also	Read:Hand	Gesture	Classification	using	Deep	Learning	with	Keras	Handwriting	analysis	plays	an	integral
role	in	forensics.	The	analysis	is	further	used	to	evaluate	the	variations	in	two	handwritten	documents.	The	process	of	spilling	words	on	a	blank	sheet	is	also	used	for	behavioural	analysis.	Convolutional	Neural	Networks	(CNN)	are	used	for	handwriting	analysis	and	handwriting	verification.	8.Weather	Forecasting	The	forecasts	done	by	the
meteorological	department	were	never	accurate	before	artificial	intelligence	came	into	force.	Weather	Forecasting	is	primarily	undertaken	to	anticipate	the	upcoming	weather	conditions	beforehand.	In	the	modern	era,	weather	forecasts	are	even	used	to	predict	the	possibilities	of	natural	disasters.	Multilayer	Perceptron	(MLP),	Convolutional	Neural
Network	(CNN)	and	Recurrent	Neural	Networks	(RNN)	are	used	for	weather	forecasting.	Traditional	ANN	multilayer	models	can	alsobe	used	to	predict	climatic	conditions	15	days	in	advance.	A	combination	of	different	types	of	neural	network	architecture	can	be	used	to	predict	air	temperatures.	Also	Read:Weather	Forecasting	Using	Big	Data
Analytics	Various	inputs	like	air	temperature,	relative	humidity,	wind	speed	and	solar	radiations	were	considered	for	training	neural	network	based	models.	Combination	models	(MLP+CNN),	(CNN+RNN)	usually	works	better	in	the	case	of	weather	forecasting.	Summing	Up	Neural	Networks	have	a	myriad	of	applications,	from	facial	recognition	to
weather	forecasting	the	interconnected	layers	(human	brains	replica),	can	do	a	lot	of	things	with	some	simple	inputs.	ANN	algorithms	have	simplified	the	assessment	and	modified	the	traditional	algorithms.	With	humanoid	robots	like	Grace	on	its	way	the	world	can	expect	some	sci-	fi	movies	turning	into	reality	pretty	soon!A	neural	network	is	a	type	of
artificial	intelligence	that	allows	machines	to	think	similarly	to	humans	by	making	organic	connections	through	preexisting	knowledge	and	learning	from	experience.	One	popular	example	of	neural	networks	in	use	is	the	self-driving	car,	which	needs	to	make	decisions	about	and	react	to	a	wide	number	of	random	variables	at	any	given
moment.Microsoft	CEO	Satya	Nadella	named	2023	the	Year	of	AI	due	to	the	breakthroughs	and	gains	the	field	of	artificial	intelligence	made	over	the	year.	While	its	true	that	AI	growth	in	2023	was	expansive,	the	first	neural	network	was	created	in	1958	by	research	psychologist	Frank	Rosenblatt,	nearly	70	years	ago	[1].	Called	the	perceptron,
Rosenblatts	rudimentary	invention	created	a	foundation	for	the	field	that	ultimately	led	to	neural	networks	as	we	understand	them	today.Use	this	article	to	discover	neural	network	examples	to	help	you	conceptualize	how	the	technology	works	and	the	many	neural	network	applications	that	may	be	possible	across	industries.What	is	a	neural	network?
A	neural	network	is	a	machine	learning	system	that	attempts	to	mimic	how	human	intelligence	works	to	power	AI.	It's	structured	using	nodes	arranged	in	layers	that	filter	data	and	transfer	information	through	the	system	to	make	connections.The	network	user	creates	an	input,	and	the	neural	network	delivers	an	output.	However,	under	the	surface,
the	input	filters	through	a	system	of	hidden	layers,	where	the	nodes	carry	varying	weights	to	add	complexity	and	nuance	to	the	machines	understanding	of	that	input.	The	more	layers	within	the	neural	network,	the	more	points	of	consideration	the	neural	network	will	use	to	create	the	output.Neural	networks	are	useful	tools	for	open-ended	or	general
problems	where	the	associations	between	the	variables	arent	obvious	or	easy	to	label.	When	you	offer	nonlinear	or	complicated	data	to	the	neural	network,	the	technology	can	discover	and	model	how	the	data	relates.The	simplest	form	of	neural	network	architecture	is	a	perceptron.	A	perceptron	features	just	a	single	neuron	and	weighted	inputs,	and
you	can	use	it	for	binary	classification,	where	the	neural	network	states	if	the	input	belongs	to	one	class	or	another.	When	Frank	Rosenblatt	created	the	first	neural	network,	he	created	a	perceptron.Neural	network	exampleA	neural	network	simulates	the	way	humans	think.	Its	no	surprise	that	neural	networks	are	versatile	since	our	brains	are	also	so
versatile.	Below,	you	will	find	examples	of	different	technologies	that	neural	networks	contribute	to,	applications	in	specific	industries,	and	use	cases	for	companies	using	neural	networks	to	solve	problems.Examples	of	neural	networks	in	artificial	intelligenceA	neural	network	acts	as	a	framework,	supporting	how	artificial	intelligence	will	operate	and
what	it	will	do	with	the	data	presented	to	it.	As	a	framework,	it	powers	specific	technologies	like	computer	vision,	speech	recognition,	natural	language	processing,	and	recommendation	engines,	giving	us	specific	use	cases	for	neural	network	technology.	Lets	take	a	closer	look	at	each	of	these	AI	fields.Computer	visionComputer	vision	allows	artificial
intelligence	to	look	at	an	image	or	video	and	process	the	information	to	understand	and	make	decisions.	Neural	networks	make	computer	vision	faster	and	more	accurate	than	was	previously	possible	because	a	neural	network	can	learn	from	data	in	real	time	without	needing	as	much	prior	training.	Much	like	human	vision,	artificial	intelligence	can
use	computer	vision	to	observe	and	learn,	classifying	visual	data	for	a	broad	range	of	applications.Speech	recognitionSpeech	recognition	allows	AI	to	hear	and	understand	natural	language	requests	and	conversations.	Scientists	have	been	working	on	speech	recognition	for	computers	since	at	least	1962.	But	today,	advancements	in	neural	networks
and	deep	learning	make	it	possible	for	artificial	intelligence	to	have	an	unscripted	conversation	with	a	human,	responding	in	ways	that	feel	natural	to	a	human	ear.	You	can	also	use	neural	networks	to	enhance	human	speech,	for	example,	during	recorded	teleconferencing	or	for	hearing	aids.Natural	language	processingNatural	language	processing
(NLP)	is	similar	to	speech	recognition.	In	addition	to	understanding	and	interpreting	spoken	requests,	NLP	focuses	on	understanding	text.	This	technology	enables	AI	chatbots	like	ChatGPT	to	have	a	written	conversation	with	you.	Neural	networks	allow	computer	scientists	to	train	NLP	systems	much	faster	because	they	do	not	have	to	hand-code	and
train	the	algorithm.Recommendation	enginesA	recommendation	engine	is	an	AI	tool	that	suggests	other	products	or	media	you	might	like	based	on	what	youve	browsed,	purchased,	read,	or	watched.	With	neural	networks,	a	recommendation	engine	can	gain	a	deeper	understanding	of	consumer	behavior	and	offer	further	targeted	results	that	are	likely
to	interest	consumers.	Recommendation	tools	can	help	encourage	customers	to	stay	more	engaged	on	a	website	and	make	it	easier	for	them	to	find	items	they	like.Neural	network	examples	in	real	lifeAll	the	technologies	mentioned	above	benefit	from	neural	network	artificial	intelligence.	In	practice,	these	areas	of	artificial	intelligence	offer	many
uses.	A	few	specific	neural	network	examples	include:Medical	imaging:	Healthcare	professionals	can	use	neural	networks	to	read	medical	images,	such	as	X-rays	or	MRIs.	Artificial	intelligence	can	analyze	a	medical	image	incredibly	fast	compared	to	a	human	professional	and	can	continuously	analyze	images	night	and	day,	unlike	a	person	constrained
by	human	needs	like	hunger	and	fatigue.Self-driving	cars:	Neural	networks	power	self-driving	cars.	While	on	the	road,	these	cars	must	be	aware	of	many	different	variables	happening	simultaneously	and	randomly.	In	this	environment,	artificial	intelligence	also	needs	to	make	decisions	based	on	the	information	it	receives.	A	neural	network	enables
the	complex	thinking	a	self-driving	vehicle	requires.Public	safety	and	security:	Neural	networks	also	offer	various	solutions	for	public	safety	and	security.	For	example,	artificial	intelligence	can	be	used	for	fraud	detection,	traffic	accident	detection,	or	predicting	suspicious	or	criminal	behavior.Agriculture:	In	agriculture,	farmers	can	use	artificial
intelligence	for	tasks	like	irrigation,	pest	control,	predicting	weather	patterns,	and	choosing	seeds	optimized	for	their	growing	area.	For	these	tasks,	the	artificial	intelligence	will	need	sensors	to	help	it	gain	more	information	about	the	growing	conditionsfor	example,	a	sensor	to	detect	moisture	levels	in	soil.Online	content	moderation:	Neural
networks	can	detect	online	content	that	goes	against	community	standards,	acting	as	a	quick	and	effective	content	moderator	that	never	stops	working.	In	fact,	Meta	reported	in	2021	that	it	uses	artificial	intelligence	to	flag	97	percent	of	the	content	it	removes	from	Facebook	for	community	standards	violations	[2].Voice-activated	virtual	assistants:
Using	speech	recognition	technology,	the	neural	network	at	the	center	of	your	voice-activated	virtual	assistant	can	understand	what	you	say	to	it	and	respond	accordingly.	With	the	advanced	ability	of	neural	networks,	voice-activated	virtual	assistants	can	also	understand	the	tone	and	context	of	what	you	say.AI	subtitles:	Speech	recognition	and
natural	language	processing	together	make	it	possible	for	artificial	intelligence	to	automatically	subtitle	a	video	by	listening	to	and	understanding	speech,	and	then	translating	it	into	a	text	caption.Neural	network	use	casesWeve	discussed	technologies	and	applications	for	neural	networks,	but	what	are	some	examples	of	companies	using	neural
networks	for	solutions	specific	to	their	industries?	Lets	take	a	look	at	some	solutions	from	Google	and	IBM:You	can	use	Google	Translate	to	automatically	translate	the	text	contained	in	an	image.	For	example,	you	could	take	a	picture	of	a	street	sign	or	handwritten	note,	and	Google	Translate	will	scan	it	and	provide	a	translation.In	2018,	IBM	Watson
used	neural	networks	to	create	customized	highlight	reels	of	the	Masters	golf	tournament.	Users	could	curate	the	highlights	they	saw	based	on	their	preferences,	taking	advantage	of	a	spoiler-free	mode	that	would	avoid	ruining	the	cliffhanger	moments.In	a	partnership	between	IBM	Watson,	Quest	Diagnostics,	and	Memorial	Sloan	Kettering	Cancer
Center,	artificial	intelligence	bolstered	by	neural	networks	began	reviewing	lab	results	from	cancer	patients	to	provide	genetic	testing.	Comparing	the	results	against	a	vast	library	of	cancer-related	research,	the	AI	then	suggests	the	best	course	of	individualized	treatment.	An	AI	agent	can	complete	this	work	in	a	fraction	of	the	time	it	takes	a	human
health	care	professional.Learn	more	about	neural	networks	with	CourseraIf	youre	ready	to	discover	more	about	the	concept	of	neural	networks,	consider	the	course	Neural	Networks	and	Deep	Learning	offered	by	DeepLearning.AI	on	Coursera.	With	this	course,	you	can	learn	about	artificial	neural	networks,	deep	learning,	and	neural	network
architecture,	among	other	topics.	Artificial	Neural	Networks	(ANNs)	are	computer	systems	designed	to	mimic	how	the	human	brain	processes	information.	Just	like	the	brain	uses	neurons	to	process	data	and	make	decisions,	ANNs	use	artificial	neurons	to	analyze	data,	identify	patterns	and	make	predictions.	These	networks	consist	of	layers	of
interconnected	neurons	that	work	together	to	solve	complex	problems.	The	key	idea	is	that	ANNs	can	"learn"	from	the	data	they	process,	just	as	our	brain	learns	from	experience.	They	are	used	in	various	applications	from	recognizing	images	to	making	personalized	recommendations.	In	this	article,	we	will	see	more	about	ANNs,	how	they	function
and	other	core	concepts.Key	Components	of	an	ANNInput	Layer:	This	is	where	the	network	receives	information.	For	example,	in	an	image	recognition	task,	the	input	could	be	an	image.Hidden	Layers:	These	layers	process	the	data	received	from	the	input	layer.	The	more	hidden	layers	there	are,	the	more	complex	patterns	the	network	can	learn	and
understand.	Each	hidden	layer	transforms	the	data	into	more	abstract	information.Output	Layer:	This	is	where	the	final	decision	or	prediction	is	made.	For	example,	after	processing	an	image,	the	output	layer	might	decide	whether	its	a	cat	or	a	dog.Neural	Networks	ArchitectureWorking	of	Artificial	Neural	Networks	ANNs	work	by	learning	patterns
in	data	through	a	process	called	training.	During	training,	the	network	adjusts	itself	to	improve	its	accuracy	by	comparing	its	predictions	with	the	actual	results.Lets	see	how	the	learning	process	works:Input	Layer:	Data	such	as	an	image,	text	or	number	is	fed	into	the	network	through	the	input	layer.Hidden	Layers:	Each	neuron	in	the	hidden	layers
performs	some	calculation	on	the	input,	passing	the	result	to	the	next	layer.	The	data	is	transformed	and	abstracted	at	each	layer.Output	Layer:	After	passing	through	all	the	layers,	the	network	gives	its	final	prediction	like	classifying	an	image	as	a	cat	or	a	dog.The	process	of	backpropagation	is	used	to	adjust	the	weights	between	neurons.	When	the
network	makes	a	mistake,	the	weights	are	updated	to	reduce	the	error	and	improve	the	next	prediction.Training	and	Testing:During	training,	the	network	is	shown	examples	like	images	of	cats	and	learns	to	recognize	patterns	in	them.After	training,	the	network	is	tested	on	new	data	to	check	its	performance.	The	better	the	network	is	trained,	the
more	accurately	it	will	predict	new	data.How	do	Artificial	Neural	Networks	learn?	Artificial	Neural	Networks	(ANNs)	learn	by	training	on	a	set	of	data.	For	example,	to	teach	an	ANN	to	recognize	a	cat,	we	show	it	thousands	of	images	of	cats.	The	network	processes	these	images	and	learns	to	identify	the	features	that	define	a	cat.Once	the	network
has	been	trained,	we	test	it	by	providing	new	images	to	see	if	it	can	correctly	identify	cats.	The	networks	prediction	is	then	compared	to	the	actual	label	(whether	it's	a	cat	or	not).	If	it	makes	an	incorrect	prediction,	the	network	adjusts	by	fine-tuning	the	weights	of	the	connections	between	neurons	using	a	process	called	backpropagation.	This	involves
correcting	the	weights	based	on	the	difference	between	the	predicted	and	actual	result.This	process	repeats	until	the	network	can	accurately	recognize	a	cat	in	an	image	with	minimal	error.	Essentially,	through	constant	training	and	feedback,	the	network	becomes	better	at	identifying	patterns	and	making	predictions.AspectBiological
NeuronsArtificial	NeuronsStructureDendrites:	Receive	signals	from	other	neurons.Input	Nodes:	Receive	data	and	pass	it	on	to	the	next	layer.Cell	Body	(Soma):	Processes	the	signals.Hidden	Layer	Nodes:	Process	and	transform	the	data.Axon:	Transmits	processed	signals	to	other	neurons.Output	Nodes:	Produce	the	final	result	after
processing.ConnectionsSynapses:	Links	between	neurons	that	transmit	signals.Weights:	Connections	between	neurons	that	control	the	influence	of	one	neuron	on	another.Learning	MechanismSynaptic	Plasticity:	Changes	in	synaptic	strength	based	on	activity	over	time.Backpropagation:	Adjusts	the	weights	based	on	errors	in	predictions	to	improve
future	performance.ActivationActivation:	Neurons	fire	when	signals	are	strong	enough	to	reach	a	threshold.Activation	Function:	Maps	input	to	output,	deciding	if	the	neuron	should	fire	based	on	the	processed	data.Biological	neurons	to	Artificial	neuronsCommon	Activation	Functions	in	ANNsActivation	functions	are	important	in	neural	networks
because	they	introduce	non-linearity	and	helps	the	network	to	learn	complex	patterns.	Lets	see	some	common	activation	functions	used	in	ANNs:Sigmoid	Function:	Outputs	values	between	0	and	1.	It	is	used	in	binary	classification	tasks	like	deciding	if	an	image	is	a	cat	or	not.ReLU	(Rectified	Linear	Unit):	A	popular	choice	for	hidden	layers,	it	returns
the	input	if	positive	and	zero	otherwise.	It	helps	to	solve	the	vanishing	gradient	problem.Tanh	(Hyperbolic	Tangent):	Similar	to	sigmoid	but	outputs	values	between	-1	and	1.	It	is	used	in	hidden	layers	when	a	broader	range	of	outputs	is	needed.Softmax:	Converts	raw	outputs	into	probabilities	used	in	the	final	layer	of	a	network	for	multi-class
classification	tasks.Leaky	ReLU:	A	variant	of	ReLU	that	allows	small	negative	values	for	inputs	helps	in	preventing	dead	neurons	during	training.These	functions	help	the	network	decide	whether	to	activate	a	neuron	helps	it	to	recognize	patterns	and	make	predictions.For	more	details	refer	to	Types	of	Activation	FunctionsTypes	of	Artificial	Neural
Networks1.	Feedforward	Neural	Network	(FNN)Feedforward	Neural	Networks	are	one	of	the	simplest	types	of	ANNs.	In	this	network,	data	flows	in	one	direction	from	the	input	layer	to	the	output	layer,	passing	through	one	or	more	hidden	layers.	There	are	no	loops	or	cycles	means	the	data	doesnt	return	to	any	earlier	layers.	This	type	of	network
does	not	use	backpropagation	and	is	mainly	used	for	basic	classification	and	regression	tasks.2.	Convolutional	Neural	Network	(CNN)Convolutional	Neural	Networks	(CNNs)	are	designed	to	process	data	that	has	a	grid-like	structure	such	as	images.	It	include	convolutional	layers	that	apply	filters	to	extract	important	features	from	the	data	such	as
edges	or	textures.	This	makes	CNNs	effective	in	image	and	speech	recognition	as	they	can	identify	patterns	and	structures	in	complex	data.3.	Radial	Basis	Function	Network	(RBFN)Radial	Basis	Function	Networks	are	designed	to	work	with	data	that	can	be	modeled	in	a	radial	or	circular	way.	These	networks	consist	of	two	layers:	one	that	maps	input
to	radial	basis	functions	and	another	that	finds	the	output.	They	are	used	for	classification	and	regression	tasks	especially	when	the	data	represents	an	underlying	pattern	or	trend.4.	Recurrent	Neural	Network	(RNN)Recurrent	Neural	Networks	are	designed	to	handle	sequential	data	such	as	time-series	or	text.	Unlike	other	networks,	RNNs	have
feedback	loops	that	allow	information	to	be	passed	back	into	previous	layers,	giving	the	network	memory.	This	feature	helps	RNNs	to	make	predictions	based	on	the	context	provided	by	previous	data	helps	in	making	them	ideal	for	tasks	like	speech	recognition,	language	modeling	and	forecasting.Optimization	Algorithms	in	ANN	TrainingOptimization
algorithms	adjust	the	weights	of	a	neural	network	during	training	to	minimize	errors.	The	goal	is	to	make	the	networks	predictions	more	accurate.	Lets	see	key	algorithms:Gradient	Descent:	Most	basic	optimization	algorithm	that	updates	weights	by	calculating	the	gradient	of	the	loss	function.Adam	(Adaptive	Moment	Estimation):	An	efficient	version
of	gradient	descent	that	adapts	learning	rates	for	each	weight	used	in	deep	learning.RMSprop:	A	variation	of	gradient	descent	that	adjusts	the	learning	rate	based	on	the	average	of	recent	gradients,	it	is	useful	in	training	recurrent	neural	networks	(RNNs).Stochastic	Gradient	Descent	(SGD):	Updates	weights	using	one	sample	at	a	time	helps	in
making	it	faster	but	more	noisy.For	more	details	refer	to	Optimization	Algorithms	in	ANN	Applications	of	Artificial	Neural	Networks	Social	Media:	ANNs	help	social	media	platforms	suggest	friends	and	relevant	content	by	analyzing	user	profiles,	interests	and	interactions.	They	also	assist	in	targeted	advertising	which	ensures	users	to	see	ads	tailored
to	their	preferences.Marketing	and	Sales:	E-commerce	sites	like	Amazon	use	ANNs	to	recommend	products	based	on	browsing	history.	They	also	personalize	offers,	predict	customer	behavior	and	segment	customers	for	more	effective	marketing	campaigns.Healthcare:	ANNs	are	used	in	medical	imaging	for	detecting	diseases	like	cancer	and	they
assist	in	diagnosing	conditions	with	accuracy	similar	to	doctors.	Additionally,	they	predict	health	risks	and	recommend	personalized	treatment	plans.Personal	Assistants:	Virtual	assistants	like	Siri	and	Alexa	use	ANNs	to	process	natural	language,	understand	voice	commands	and	respond	accordingly.	They	help	manage	tasks	like	setting	reminders
helps	in	making	calls	and	answering	queries.Customer	Support:	ANNs	power	chatbots	and	automated	customer	service	systems	that	analyze	customer	queries	and	provide	accurate	responses	helps	in	improving	efficiency	in	handling	customer	inquiries.Finance:	In	the	financial	industry,	they	are	used	for	fraud	detection,	credit	scoring	and	predicting
market	trends	by	analyzing	large	sets	of	transaction	data	and	spotting	anomalies.Challenges	in	Artificial	Neural	NetworksData	Dependency:	ANNs	require	large	amounts	of	high-quality	data	to	train	effectively.	Gathering	and	cleaning	sufficient	data	can	be	time-consuming,	expensive	and	often	impractical	especially	in	industries	with	limited	access	to
quality	data.Computational	Power:	Training	deep	neural	networks	with	many	layers,	demands	significant	computational	resources.	High-performance	hardware	(e.g	GPUs)	is	often	required	which	makes	it	expensive	and	resource-intensive.Overfitting:	It	can	easily	overfit	to	the	training	data	which	means	they	perform	well	on	the	training	set	but	poorly
on	new,	unseen	data.	This	challenge	arises	when	the	model	learns	to	memorize	rather	than	generalize,	reducing	its	real-world	applicability.Interpretability:	They	are	often	referred	to	as	"black	boxes."	It	is	difficult	to	understand	how	they	make	decisions	which	is	a	problem	in	fields	like	healthcare	and	finance	where	explainability	and	transparency	are
important.Training	Time:	Training	ANNs	can	take	a	long	time,	especially	for	deep	learning	models	with	many	layers	and	vast	datasets.	This	lengthy	training	process	can	delay	the	deployment	of	models	and	hinder	their	use	in	time-sensitive	applications.As	technology	keeps	improving,	Artificial	Neural	Networks	will	continue	to	change	the	way	we	solve
problems	and	make	our	lives	easier.	Before	studying	the	fields	where	ANN	has	been	used	extensively,	we	need	to	understand	why	ANN	would	be	the	preferred	choice	of	application.Why	Artificial	Neural	Networks?We	need	to	understand	the	answer	to	the	above	question	with	an	example	of	a	human	being.	As	a	child,	we	used	to	learn	the	things	with
the	help	of	our	elders,	which	includes	our	parents	or	teachers.	Then	later	by	self-learning	or	practice	we	keep	learning	throughout	our	life.	Scientists	and	researchers	are	also	making	the	machine	intelligent,	just	like	a	human	being,	and	ANN	plays	a	very	important	role	in	the	same	due	to	the	following	reasons	With	the	help	of	neural	networks,	we	can
find	the	solution	of	such	problems	for	which	algorithmic	method	is	expensive	or	does	not	exist.Neural	networks	can	learn	by	example,	hence	we	do	not	need	to	program	it	at	much	extent.	Neural	networks	have	the	accuracy	and	significantly	fast	speed	than	conventional	speed.	Followings	are	some	of	the	areas,	where	ANN	is	being	used.	It	suggests
that	ANN	has	an	interdisciplinary	approach	in	its	development	and	applications.Speech	RecognitionSpeech	occupies	a	prominent	role	in	human-human	interaction.	Therefore,	it	is	natural	for	people	to	expect	speech	interfaces	with	computers.	In	the	present	era,	for	communication	with	machines,	humans	still	need	sophisticated	languages	which	are
difficult	to	learn	and	use.	To	ease	this	communication	barrier,	a	simple	solution	could	be,	communication	in	a	spoken	language	that	is	possible	for	the	machine	to	understand.Great	progress	has	been	made	in	this	field,	however,	still	such	kinds	of	systems	are	facing	the	problem	of	limited	vocabulary	or	grammar	along	with	the	issue	of	retraining	of	the
system	for	different	speakers	in	different	conditions.	ANN	is	playing	a	major	role	in	this	area.	Following	ANNs	have	been	used	for	speech	recognition	Multilayer	networksMultilayer	networks	with	recurrent	connectionsKohonen	self-organizing	feature	mapThe	most	useful	network	for	this	is	Kohonen	Self-Organizing	feature	map,	which	has	its	input	as
short	segments	of	the	speech	waveform.	It	will	map	the	same	kind	of	phonemes	as	the	output	array,	called	feature	extraction	technique.	After	extracting	the	features,	with	the	help	of	some	acoustic	models	as	back-end	processing,	it	will	recognize	the	utterance.Character	RecognitionIt	is	an	interesting	problem	which	falls	under	the	general	area	of
Pattern	Recognition.	Many	neural	networks	have	been	developed	for	automatic	recognition	of	handwritten	characters,	either	letters	or	digits.	Following	are	some	ANNs	which	have	been	used	for	character	recognition	Multilayer	neural	networks	such	as	Backpropagation	neural	networks.NeocognitronThough	back-propagation	neural	networks	have
several	hidden	layers,	the	pattern	of	connection	from	one	layer	to	the	next	is	localized.	Similarly,	neocognitron	also	has	several	hidden	layers	and	its	training	is	done	layer	by	layer	for	such	kind	of	applications.Signature	Verification	ApplicationSignatures	are	one	of	the	most	useful	ways	to	authorize	and	authenticate	a	person	in	legal	transactions.
Signature	verification	technique	is	a	non-vision	based	technique.For	this	application,	the	first	approach	is	to	extract	the	feature	or	rather	the	geometrical	feature	set	representing	the	signature.	With	these	feature	sets,	we	have	to	train	the	neural	networks	using	an	efficient	neural	network	algorithm.	This	trained	neural	network	will	classify	the
signature	as	being	genuine	or	forged	under	the	verification	stage.Human	Face	RecognitionIt	is	one	of	the	biometric	methods	to	identify	the	given	face.	It	is	a	typical	task	because	of	the	characterization	of	non-face	images.	However,	if	a	neural	network	is	well	trained,	then	it	can	be	divided	into	two	classes	namely	images	having	faces	and	images	that
do	not	have	faces.First,	all	the	input	images	must	be	preprocessed.	Then,	the	dimensionality	of	that	image	must	be	reduced.	And,	at	last	it	must	be	classified	using	neural	network	training	algorithm.	Following	neural	networks	are	used	for	training	purposes	with	preprocessed	image	Fully-connected	multilayer	feed-forward	neural	network	trained	with
the	help	of	back-propagation	algorithm.For	dimensionality	reduction,	Principal	Component	Analysis	(PCA)	is	used.	
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