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Leading	or	presiding	officer	of	an	organized	group	"Chairman	of	the	Board"	redirects	here.	For	other	uses,	see	Chairman	of	the	Board	(disambiguation).	Agustín	Vásquez	Gómez,	ambassador	of	the	Republic	of	El	Salvador,	chairing	the	OPCW's	Fourth	Review	Conference,	November	2018	The	chair,	also	chairman,	chairwoman,	or	chairperson,	is	the
presiding	officer	of	an	organized	group	such	as	a	board,	committee,	or	deliberative	assembly.	The	person	holding	the	office,	who	is	typically	elected	or	appointed	by	members	of	the	group	or	organisation,	presides	over	meetings	of	the	group,	and	is	required	to	conduct	the	group's	business	in	an	orderly	fashion.[1]	In	some	organizations,	the	chair	is
also	known	as	president	(or	other	title).[2][3]	In	others,	where	a	board	appoints	a	president	(or	other	title),	the	two	terms	are	used	for	distinct	positions.	The	term	chairman	may	be	used	in	a	neutral	manner,	not	directly	implying	the	gender	of	the	holder.	In	meetings	or	conferences,	to	"chair"	something	(chairing)	means	to	lead	the	event.[4]	Look	up
chair,	chairman,	chairwoman,	chairperson,	or	preside	in	Wiktionary,	the	free	dictionary.	Terms	for	the	office	and	its	holder	include	chair,	chairman,	chairwoman,	chairperson,	convenor,	facilitator,	moderator,	president,	and	presiding	officer.[5][6][7][8][9]	The	chair	of	a	parliamentary	chamber	is	sometimes	called	the	speaker.[10][11]	Chair	has	been
used	to	refer	to	a	seat	or	office	of	authority	since	the	middle	of	the	17th	century;	its	earliest	citation	in	the	Oxford	English	Dictionary	dates	to	1658–1659,	four	years	after	the	first	citation	for	chairman.[12][13][14]	Feminist	critiques	have	analysed	Chairman	as	a	possible	example	of	sexist	language,	associating	the	male	gender	with	the	exercise	of
authority,	this	has	led	to	some	use	of	the	generic	"Chairperson".[15]	In	World	Schools	Style	debating,	as	of	2009,	chair	or	chairman	refers	to	the	person	who	controls	the	debate;	it	recommends	using	Madame	Chair	or	Mr.	Chairman	to	address	the	chair.[16]	The	FranklinCovey	Style	Guide	for	Business	and	Technical	Communication	and	the	American
Psychological	Association	style	guide	advocate	using	chair	or	chairperson.[17][18]	The	Oxford	Dictionary	of	American	Usage	and	Style	(2000)	suggested	that	the	gender-neutral	forms	were	gaining	ground;	it	advocated	chair	for	both	men	and	women.[19]	The	Daily	Telegraph's	style	guide	bans	the	use	of	chair	and	chairperson;	the	newspaper's
position,	as	of	2018,	is	that	"chairman	is	correct	English".[20]	The	National	Association	of	Parliamentarians	adopted	a	resolution	in	1975	discouraging	the	use	of	chairperson	and	rescinded	it	in	2017.[21][22]	Ambassador	Leena	Al-Hadid	of	Jordan	chairs	a	meeting	of	the	International	Atomic	Energy	Agency,	2018.[23]	The	word	chair	can	refer	to	the
place	from	which	the	holder	of	the	office	presides,	whether	on	a	chair,	at	a	lectern,	or	elsewhere.[1]	During	meetings,	the	person	presiding	is	said	to	be	"in	the	chair"	and	is	also	referred	to	as	"the	chair".[1]	Parliamentary	procedure	requires	that	members	address	the	"chair"	as	"Mr.	(or	Madam)	Chairman	(or	Chair	or	Chairperson)"	rather	than	using	a
name	–	one	of	many	customs	intended	to	maintain	the	presiding	officer's	impartiality	and	to	ensure	an	objective	and	impersonal	approach.[7][24]	In	the	British	music	hall	tradition,	the	chairman	was	the	master	of	ceremonies	who	announced	the	performances	and	was	responsible	for	controlling	any	rowdy	elements	in	the	audience.	The	role	was
popularised	on	British	TV	in	the	1960s	and	1970s	by	Leonard	Sachs,	the	chairman	on	the	variety	show	The	Good	Old	Days.[25]	"Chairman"	as	a	quasi-title	gained	particular	resonance	when	socialist	states	from	1917	onwards	shunned	more	traditional	leadership	labels	and	stressed	the	collective	control	of	Soviets	(councils	or	committees)	by	beginning
to	refer	to	executive	figureheads	as	"Chairman	of	the	X	Committee".	Lenin,	for	example,	officially	functioned	as	the	head	of	Soviet	Russian	government	not	as	prime	minister	or	as	president,	but	as	"Chairman	of	the	Council	of	People's	Commissars".[26][27]	At	the	same	time,	the	head	of	the	state	was	first	called	"Chairman	of	the	Central	Executive
Committee"	(until	1938)	and	then	"Chairman	of	the	Presidium	of	the	Presidium	of	the	Supreme	Soviet".	In	Communist	China,	Mao	Zedong	was	commonly	called	"Chairman	Mao",	as	he	was	officially	Chairman	of	the	Chinese	Communist	Party	and	Chairman	of	the	Central	Military	Commission.	Sam	Ervin	(right),	chairman	of	the	United	States	Senate
Watergate	Committee,	1973	In	addition	to	the	administrative	or	executive	duties	in	organizations,	the	chair	presides	over	meetings.[28]	Such	duties	at	meetings	include:	Calling	the	meeting	to	order	Determining	if	a	quorum	is	present	Announcing	the	items	on	the	"order	of	business",	or	agenda,	as	they	come	up	Recognition	of	members	to	have	the
floor	Enforcing	the	rules	of	the	group	Putting	questions	(motions)	to	a	vote,	which	is	the	usual	way	of	resolving	disagreements	following	discussion	of	the	issues	Adjourning	the	meeting	While	presiding,	the	chair	should	remain	impartial	and	not	interrupt	a	speaker	if	the	speaker	has	the	floor	and	is	following	the	rules	of	the	group.[29]	In	committees	or
small	boards,	the	chair	votes	along	with	the	other	members;	in	assemblies	or	larger	boards,	the	chair	should	vote	only	when	it	can	affect	the	result.[30]	At	a	meeting,	the	chair	only	has	one	vote	(i.e.	the	chair	cannot	vote	twice	and	cannot	override	the	decision	of	the	group	unless	the	organization	has	specifically	given	the	chair	such	authority).[31]	The
powers	of	the	chair	vary	widely	across	organizations.	In	some	organizations	they	have	the	authority	to	hire	staff	and	make	financial	decisions.	In	others	they	only	make	recommendations	to	a	board	of	directors,	or	may	have	no	executive	powers,	in	which	case	they	are	mainly	a	spokesperson	for	the	organization.	The	power	given	depends	upon	the	type
of	organization,	its	structure,	and	the	rules	it	has	created	for	itself.	If	the	chair	exceeds	their	authority,	engages	in	misconduct,	or	fails	to	perform	their	duties,	they	may	face	disciplinary	procedures.	Such	procedures	may	include	censure,	suspension,	or	removal	from	office.	The	rules	of	the	organization	would	provide	details	on	who	can	perform	these
disciplinary	procedures.[32]	Usually,	whoever	appointed	or	elected	the	chair	has	the	power	to	discipline	them.	There	are	three	common	types	of	chair	in	public	corporations.	The	chief	executive	officer	(CEO)	may	also	hold	the	title	of	chair,	in	which	case	the	board	frequently	names	an	independent	member	of	the	board	as	a	lead	independent	director.
[33]	This	position	is	equivalent	to	the	position	of	président-directeur	général	in	France.[citation	needed]	Executive	chair	is	an	office	separate	from	that	of	CEO,	where	the	titleholder	wields	influence	over	company	operations,	such	as	Larry	Ellison	of	Oracle,	Douglas	Flint	of	HSBC	and	Steve	Case	of	AOL	Time	Warner.	In	particular,	the	group	chair	of
HSBC	is	considered	the	top	position	of	that	institution,	outranking	the	chief	executive,	and	is	responsible	for	leading	the	board	and	representing	the	company	in	meetings	with	government	figures.	Before	the	creation	of	the	group	management	board	in	2006,	HSBC's	chair	essentially	held	the	duties	of	a	chief	executive	at	an	equivalent	institution,	while
HSBC's	chief	executive	served	as	the	deputy.	After	the	2006	reorganization,	the	management	cadre	ran	the	business,	while	the	chair	oversaw	the	controls	of	the	business	through	compliance	and	audit	and	the	direction	of	the	business.[34][35][36]	Non-executive	chair	is	also	a	separate	post	from	the	CEO;	unlike	an	executive	chair,	a	non-executive
chair	does	not	interfere	in	day-to-day	company	matters.	Across	the	world,	many	companies	have	separated	the	roles	of	chair	and	CEO,	saying	that	this	move	improves	corporate	governance.	The	non-executive	chair's	duties	are	typically	limited	to	matters	directly	related	to	the	board,	such	as:[37]	Chairing	the	meetings	of	the	board.	Organizing	and
coordinating	the	board's	activities,	such	as	by	setting	its	annual	agenda.	Reviewing	and	evaluating	the	performance	of	the	CEO	and	the	other	board	members.	Christina	Magnuson,	as	chairman,[38]	presides	over	the	2016	annual	meeting	of	the	Friends	of	the	Ulriksdal	Palace	Theater.	Many	companies	in	the	US	have	an	executive	chair;	this	method	of
organization	is	sometimes	called	the	American	model.	Having	a	non-executive	chair	is	common	in	the	UK	and	Canada;	this	is	sometimes	called	the	British	model.	Expert	opinion	is	rather	evenly	divided	over	which	is	the	preferable	model.[39]	There	is	a	growing	push	by	public	market	investors	for	companies	with	an	executive	chair	to	have	a	lead
independent	director	to	provide	some	element	of	an	independent	perspective.[40][41]	The	role	of	the	chair	in	a	private	equity-backed	board	differs	from	the	role	in	non-profit	or	publicly	listed	organizations	in	several	ways,	including	the	pay,	role	and	what	makes	an	effective	private-equity	chair.[42]	Companies	with	both	an	executive	chair	and	a	CEO
include	Ford,[43]	HSBC,[44]	Alphabet	Inc.,[45]	and	HP.[46]	A	vice-	or	deputy	chair,	subordinate	to	the	chair,	is	sometimes	chosen	to	assist	and	to	serve	as	chair	in	the	latter's	absence,	or	when	a	motion	involving	the	chair	is	being	discussed.[47]	In	the	absence	of	the	chair	and	vice-chair,	groups	sometimes	elect	a	chair	pro	tempore	to	fill	the	role	for	a
single	meeting.[48]	In	some	organizations	that	have	both	titles,	deputy	chair	ranks	higher	than	vice-chair,	as	there	are	often	multiple	vice-chairs	but	only	a	single	deputy	chair.[49]	This	type	of	deputy	chair	title	on	its	own	usually	has	only	an	advisory	role	and	not	an	operational	one	(such	as	Ted	Turner	at	Time	Warner).[50]	An	unrelated	definition	of
vice-	and	deputy	chairs	describes	an	executive	who	is	higher	ranking	or	has	more	seniority	than	an	executive	vice-president	(EVP).	Executive	director	Non-executive	director	Parliamentary	procedure	in	the	corporate	world	President	(corporate	title)	^	a	b	c	Robert,	Henry	M.;	et	al.	(2011).	Robert's	Rules	of	Order	Newly	Revised	(11th	ed.).
Philadelphia,	PA:	Da	Capo	Press.	p.	22.	ISBN	978-0-306-82020-5.	^	Robert	2011,	p.	448	^	Sturgis,	Alice	(2001).	The	Standard	Code	of	Parliamentary	Procedure	(Fourth	ed.).	New	York:	McGraw-Hill.	p.	163.	ISBN	978-0-07-136513-0.	^	"Chairing".	Cambridge	Dictionary	(Online	ed.).	Retrieved	22	January	2024.	^	Hellinger,	Marlis,	ed.	(2001).	Gender
across	languages:	The	Linguistic	Representation	of	Women	and	Men	(IMPACT:	Studies	in	Language	and	Society).	Amsterdam:	Benjamins.	p.	125.	ISBN	90-272-1841-2.	^	"Chairperson".	Merriam-Webster.	Retrieved	2014-01-10.	^	a	b	Sturgis	2001,	p.	11	^	"moderator".	Chambers	21st	Century	Dictionary	via	Search	Chambers.	Edinburgh:	Chambers
Harrap.	^	Although	convener	means	someone	who	summons	(convenes)	a	meeting,	the	convener	may	take	the	chair.	The	Oxford	English	Dictionary	(2nd	edition,	1989)	offers	this	citation:	1833	Act	3–4	Will.	IV,	c.	46	§43	"The	convener,	who	shall	preside	at	such	committee,	shall	be	entitled	to	a	casting	vote."	This	meaning	is	most	commonly	found	in
assemblies	with	Scottish	heritage.	^	"The	many	roles	of	the	Speaker".	New	Zealand	Parliament.	Office	of	the	Speaker,	Parliament	of	New	Zealand.	2006-02-01.	Archived	from	the	original	on	2019-05-09.	Retrieved	2019-05-09.	^	"About	Parliament:	The	Lord	Speaker".	Parliament	of	the	United	Kingdom.	Archived	from	the	original	on	2008-06-09.
Retrieved	2008-10-23.	...	responsibilities	of	the	Lord	Speaker	include	chairing	the	Lords	debating	chamber,...	^	Merriam-Webster's	dictionary	of	English	usage.	Springfield,	Mass.:	Merriam-Webster.	1993.	p.	235.	ISBN	0-87779-132-5.	^	"Chairman".	Dictionary.com	Unabridged	(v	1.1).	2006.	Retrieved	2008-10-22.	^	See	also	the	American	Heritage
Dictionary,	the	Oxford	English	Dictionary,	the	online	edition	of	the	current	Merriam-Webster	Dictionary,	Word	Origins	by	Anatoly	Liberman	(page	88),	Merriam-Webster's	Dictionary	of	English	Usage	(page	235)	^	*Margrit	Eichler	(28	October	2013).	Nonsexist	Research	Methods:	A	Practical	Guide.	Routledge.	p.	14.	ISBN	978-1-134-97797-0.	Typically,
these	analyses	pointed	out	the	use	of	so-called	generic	male	terms	as	sexist...	As	a	consequence	of	these	critiques,	guides	were	published	that	replaced	so-called	generic	male	terms	with	truly	generic	terms:	policeman	became	police	officer;	fireman,	fire	fighter;	postman,	mail	carrier;	workman,	worker;	chairman,	chairperson;	mankind,	humanity;	and
so	on.	Barrie	Thorne;	Nancy	Henley	(1975).	Language	and	Sex:	Difference	and	Dominance.	Newbury	House	Publishers.	p.	28.	ISBN	9780883770436.	Is	it	possible	to	change	sexist	language?	...	Much	of	the	debate	has	centered	around	two	types	of	change:	the	coining	of	new	terms	(such	as	Ms.	to	replace	Miss/Mrs.,	and	chairperson	to	replace
chairman	and	chairwoman),	and	various	proposal	to	replace	he	as	the	generic	third	person	singular	pronoun.	Dale	Spender	(1990).	Man	Made	Language.	Pandora.	pp.	29–30.	ISBN	978-0-04-440766-9.	Another	factor	which	we	must	bear	in	mind	is	that	women	need	more	words	-	and	more	positive	words	-	not	less.	The	removal	of	sexist	words	would	not
leave	a	large	repertoire	of	words	for	women	to	draw	upon!	...	Some	attempts	have	been	made	to	modify	sexist	words	and	there	arc	signs	that	this	on	its	own	is	insufficient	to	reduce	sexism	in	language.	Words	such	as	police	officer	and	chairperson	have	been	an	attempt	to	break	away	from	the	negative	value	which	female	words	acquire	by	the	creation
of	sex-neutral	terms	"The	language	of	gender".	Oxford	Living	Dictionary.	Oxford	University	Press.	Archived	from	the	original	on	2019-05-10.	Retrieved	2019-05-20.	People	also	object	to	the	use	of	the	ending	-man	in	words	referring	to	professions	and	roles	in	society,	for	example	postman,	spokesman,	or	chairman.	Since	women	are	generally	as	likely
as	men	to	be	involved	in	an	occupation	or	activity	nowadays,	this	type	of	word	is	increasingly	being	replaced	by	gender-neutral	terms,	e.g.	postal	worker,	spokesperson,	or	chair/chairperson.	"Chairman	-	More	About".	Oxford	Learner's	Dictionary.	Oxford	University	Press.	Archived	from	the	original	on	May	30,	2017.	Retrieved	2019-05-20.	When	you
are	writing	or	speaking	English	it	is	important	to	use	language	that	includes	both	men	and	women	equally.	Some	people	may	be	very	offended	if	you	do	not	...	Neutral	words	like	assistant,	worker,	person	or	officer	are	now	often	used	instead	of	-man	or	-woman	in	the	names	of	jobs	...	Neutral	words	are	very	common	in	newspapers,	on	television	and
radio	and	in	official	writing,	in	both	British	English	and	North	American	English.	"Chairman	-	Note".	Cambridge	Dictionary.	Cambridge	University	Press.	Retrieved	2019-05-20.	Although	chairman	can	refer	to	a	person	of	either	sex,	chairperson	or	chair	is	often	preferred	to	avoid	giving	the	idea	the	person	is	necessarily	male.	"Chairperson	(usage
note)".	Dictionary.com.	Retrieved	2019-05-20.	Chairperson	has,	since	the	1960s,	come	to	be	used	widely	as	an	alternative	to	either	chairman	or	chairwoman.	This	change	has	sprung	largely	from	a	desire	to	avoid	chairman,	which	is	felt	by	many	to	be	inappropriate	and	even	sexually	discriminatory	when	applied	to	a	woman	...	Chairperson	is	standard
in	all	varieties	of	speech	and	writing.	"Chairman	(usage	note)".	Macmillan	Dictionary.	Springer.	Retrieved	2019-05-20.	Many	people	prefer	to	say	chair	or	chairperson,	because	the	word	chairman	suggests	that	the	person	in	this	position	is	always	a	man.	"Chairman	(usage	note)".	The	American	Heritage	Dictionary.	Houghton	Mifflin	Harcourt.
Retrieved	2019-05-20.	These	compounds	sometimes	generate	controversy	because	they	are	considered	sexist	by	some	people	who	believe	that	-man	necessarily	excludes	females.	Others	believe	that	-man,	like	the	word	man	itself,	is	an	accepted	and	efficient	convention	that	is	not	meant	to	be	gender-specific.	"Chairman	(usage	note)".	Collins	English
Dictionary.	Retrieved	2019-05-20.	Chairman	can	seem	inappropriate	when	applied	to	a	woman,	while	chairwoman	can	be	offensive.	Chair	and	chairperson	can	be	applied	to	either	a	man	or	a	woman;	chair	is	generally	preferred	to	chairperson	Marshall	Cavendish	Corporation	(2010).	Sex	and	society	Volume	1:	Abstinence	–	Gender	Identity.	New	York:
Marshall	Cavendish	Reference.	p.	300.	ISBN	978-0-7614-7906-2.	Zinsser,	William	(2007).	On	writing	well	:	the	classic	guide	to	writing	nonfiction	(30.	anniversary	ed.,	7.	ed.,	rev.	and	updated,	[Nachdr.]	ed.).	New	York:	HarperCollins.	p.	81.	ISBN	978-0-06-089154-1.	^	Quinn,	Simon	(2009).	Debating	in	the	World	Schools	style:	a	guide.	New	York:
International	Debate	Education	Association.	p.	5.	ISBN	978-1-932716-55-9.	^	England,	Breck;	Covey,	Stephen	R.;	Freeman,	Larry	H.	(2012).	FranklinCovey	style	guide	for	business	and	technical	communication	(5th	ed.).	Upper	Saddle	River,	N.J.:	FT	Press.	p.	27.	ISBN	978-0-13-309039-0.	^	Gurung,	Regan	A.	R.;	Schwartz,	Beth	M.;	Landrum,	R.	Eric
(2012).	An	easyguide	to	APA	style.	Thousand	Oaks,	Calif.:	SAGE	Publications.	p.	54.	ISBN	978-1-4129-9124-7.	^	Garner,	Bryan	A.	(2000).	The	Oxford	dictionary	of	American	usage	and	style	(2	ed.).	Oxford:	Oxford	University	Press.	p.	61.	ISBN	0-19-513508-3.	^	"Banned	words".	The	Telegraph.	23	January	2018.	Archived	from	the	original	on	2022-01-
10.	^	"Chair,	Chairperson,	Chairman	...	Which	Should	You	Use?".	National	Association	of	Parliamentarians.	6	October	2017.	Archived	from	the	original	on	2019-02-21.	Retrieved	2019-02-20.	^	Miller,	Casey;	Swift,	Kate	(2000).	The	Handbook	of	Nonsexist	Writing:	For	writers,	editors	and	speakers	(2nd	ed.).	Lincoln,	NE:	iUniverse.com.	p.	32.	ISBN	0-
595-15921-4.	^	Dixit,	Aabha	(24	September	2018).	"Ambassador	Leena	Al-Hadid	Takes	Over	as	New	Chairperson	of	IAEA	Board	of	Governors".	International	Atomic	Energy	Agency.	^	Robert	2011,	p.	23	^	Baker,	Richard	Anthony	(2014).	British	Music	Hall:	An	Illustrated	History.	Barnsley:	Pen	&	Sword.	p.	207.	ISBN	978-1-78383-118-0.	^	Cawthorne,
Nigel	(2012-07-24).	Stalin:	The	Murderous	Career	of	the	Red	Tsar.	Arcturus	Publishing	(published	2012).	ISBN	978-1-84858-951-3.	Retrieved	2015-02-25.	[...]	Lenin,	Stalin,	Trotsky,	Molotov	and	Abel	Yenukidze	[...]	began	discussing	the	structure	of	the	new	government.	Lenin	did	not	want	to	have	'ministers'	as	such,	so	Trotsky	suggested	that	they
should	be	called	"peoples'	commissars".	The	government	itself	would	be	the	"Council	of	People's	Commissars"	and	its	chairman	would	be	prime	minister,	in	effect.	^	Brackman,	Roman	(2004).	The	Secret	File	of	Joseph	Stalin:	A	Hidden	Life.	Routledge.	p.	116.	ISBN	978-1-135-75840-0.	On	26	October	1917,	Lenin	announced	the	creation	of	the	Council
of	People's	Commissars,	having	rejected	the	traditional	title	of	minister	as	being	too	"bourgeois",	and	named	himself	the	"Chairman	of	the	Council".	^	Robert	2011,	p.	449	^	Robert	2011,	p.	44:	"The	presiding	officer	must	never	interrupt	a	speaker	simply	because	he	knows	more	about	the	matter	than	the	speaker	does."	^	"Frequently	Asked	Questions
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suitable	for	most	041	chainsaws..	It	is	a	free	download	available	pdf	format	which	has	clear	exploded	diagrams	to	help	you	quickly	find	the	part	that	you	need	to	repair	your	Stihl	041	Farm	Boss	chainsaw.	Introduction,	Specifications,	Clutch,	Engine,	Ignition	system,	Rewind	starter,	Throttle	control,	Fuel	system,	carburetor,	Av	system,	Shaft,	Cutting
tool	drive,	Support	frame,	Special	servicing	tools	and	aids.	Stihl	041	Production	Years	041	1110	1967-1975	041FB	1110	1976-1986	041AV	1110	1967-1986	041AVE	1110	1968-1973	041AVS	1110	1977-1983	041AVQFB	1110	1981-1985	041G	1112	1968-1974	Are	you	looking	to	purchase	a	Stihl	Farm	Boss	chainsaw?Want	to	learn	more	before	you	buy?
If	so,	you’ve	landed	on	the	right	page.The	Stihl	Farm	Boss	Chainsaw	is	incredibly	popular	among	the	rural	and	prosumer	crowd,	but	is	it	suitable	for	you	and	your	needs?We’re	going	to	take	a	good	look	at	the	most	common	Stihl	Farm	Boss	Chainsaw	model	and	cover	the	other	models	in	the	series.	I	hope	it	will	help	you	decide	if	the	Stihl	Farm	Boss
Chainsaw	should	have	a	place	in	your	chainsaw	collection.If	you’re	interested	in	other	Stihl	models,	check	out	my	article	on	The	Best	Stihl	Chainsaw	(Reviews	and	Buying	Guide).Let’s	get	into	it.The	Stihl	Farm	Boss	Chainsaw	line	is	popular	for	homeowners	or	landowners	looking	for	a	chainsaw	with	a	bit	more	power	than	the	standard	consumer-grade
saws.	There	are	several	models	in	the	Farm	Boss	range,	but	one	of	the	most	commonly	seen	is	the	MS271.	Also,	there	are	three	other	models	currently	available	as	well.	Other	saws	in	the	Farm	Boss	line	include:Stihl	MS291	Farm	BossStihl	MS311	Farm	BossStihl	MS391	Farm	BossOne	downside	to	the	three	less-common	Farm	Boss	Chainsaws	is	that
in	being	less	common,	they	are	also	less	available	to	some	extent.	The	MS271	is	common	enough	to	pick	one	up	used	through	social	media	or	a	marketplace.	Getting	one	of	the	other	three	models	would	almost	always	necessitate	getting	it	brand	new.	You	may	even	come	across	older	saws	with	the	Farm	Boss	logo.	However,	they	are	no	longer	in
production.While	the	Stihl	Farm	Boss	Chainsaw	line	is	high-quality,	the	saws	are	not	considered	part	of	the	Stihl	Pro	chainsaws.	There	are	some	notable	differences	in	the	two	chainsaw	classes,	including:Improved	sprocket	design	and	quality	on	Pro	sawsPro	saws	will	have	captive	bar	nuts,	while	Farm	Boss	saws	will	have	non-captive	bar	nutsThe	two
lines	will	have	different	air	filters,	with	the	filters	on	the	Pro	chainsaws	being	of	slightly	higher	qualityPro	line	has	a	decompression	valve	that	the	Farm	Boss	line	does	not	haveThe	crankshaft	design	is	slightly	different	between	Pro	and	Farm	Boss,	with	the	Pro	being	a	little	betterPro	line	saws	have	a	magnesium	casing,	while	Farm	Boss	saws	will	have
largely	polycarbonate	constructionBetween	equally	powerful	Pro	and	Farm	Boss	chainsaws,	the	Pro	saw	will	have	a	lower	weightPro	saws	will	have	a	higher	power	output	than	Farm	Boss	models	with	similar	engine	displacementAs	you	can	see,	there	are	several	ways	that	Stihl	Pro	saws	are	better	than	Farm	Boss.	However,	that	additional
performance	and	engineering	also	factor	heavily	into	the	price.	Stihl	Farm	Boss	Chainsaws	will	still	have	better	components.	It’s	lighter	weight	and	has	more	rugged	performance	capabilities	than	standard	consumer-grade	or	budget	homeowner	saws.The	specs	here	will	be	for	the	most	common	Stihl	Farm	Boss	Chainsaw,	the	MS271.Gasoline-
powered50.2cc	2-cycle	engine3.49	horsepower12.3-pound	powerhead16”	bar	is	optimalAnti-vibration	systemSide	tensionerLong-life	air	filterChain	brake	&	handguardAutomatic	chain	oilerStihl	Farm	Boss	Chainsaw	line	occupies	a	solid	space	in	the	gap	between	cheap	homeowner	chainsaws	that	lack	longevity	and	professional-grade	units	that	can	be
incredibly	spendy.	Depending	on	what	you	need	to	do	with	your	saw,	you	may	find	that	your	next	chainsaw	purchase	also	lies	in	this	gap.	This	would	make	the	Stihl	Farm	Boss	Chainsaw	a	great	solution	to	your	wood	cutting	needs.While	the	Stihl	Farm	Boss	Chainsaw	series	will	be	sufficient	to	keep	your	firewood	stack	full	for	the	winter,	there	are	also
some	saws	out	there	that	can	do	the	job	quicker	and	easier.	You’ll	have	to	pay	a	bit	more	for	them.	The	Stihl	Farm	Boss	Chainsaw	line	will	stand	up	to	rigorous	use.	However,	if	you	need	something	that	will	be	cutting	all	day,	every	day,	for	seasons	on	end,	you	should	invest	in	a	Pro.Although	the	MS271	Stihl	Farm	Boss	Chainsaw	isn’t	a	Pro	saw,	it	still
may	be	a	bit	too	powerful	for	those	who	need	it	to	do	smaller	or	lighter-duty	jobs.	For	situations	like	these,	you	may	want	a	milder	chainsaw.Some	ideal	alternatives	to	the	Stihl	Farm	Boss	Chainsaw	line	include	the	marginally	more	expensive	MS291,	or	the	MS250,	which	is	cheaper	but	smaller	and	a	little	easier	to	handle	on	minor	jobs.	Outside	the
Stihl	family,	some	50cc-60cc	Husqvarna	Rancher	chainsaws	might	fit	your	budget.Absolutely.	The	Stihl	Farm	Boss	Chainsaw	line	will	handle	trees	easily,	even	trees	up	to	10″-”	2″	“n	diameter.The	MS271	can	easily	handle	a	16″	bar	without	becoming	overworked.	Models	MS2,	S311,	and	MS31	can	handle	up	to	a	20″	bar.Stihl	Farm	Boss	Chainsaw
family	runs	on	2-cycle	premixed	fuel	at	a	50:1	ratio.	This	means	that	for	each	gallon	of	premix	you	make,	you	will	need	to	add	2.6	fluid	ounces	of	oil	to	the	gas.So	there	you	have	it,	the	Stihl	Farm	Boss	Chainsaw	line	is	incredibly	adept	at	shortening	most	cutting	jobs.	While	they	aren’t	the	absolute	best,	they	are	a	solid	middle	ground	between	entry-
level	or	homeowner	chainsaws	and	much	more	expensive	Pro-level	saws.If	you	think	that	you’ll	need	a	saw	you	can	grow	into	as	your	skills	progress,	the	Stihl	Farm	Boss	Chainsaw	range	is	probably	ideal	for	you.	Now,	in	the	event	you	need	something	to	help	you	with	heavy	forestry	all-day,	everyday	use,	you	should	look	into	one	of	the	Stihl	Pro
chainsaws.	However,	if	you	only	need	a	light-duty	machine	to	make	pruning	and	trimming	easier,	with	maybe	a	little	firewood	duty	a	couple	of	times	a	year,	then	an	entry-level	saw	will	get	the	job	done	cheaper.	At	STIHL,	you’ll	find	precisely	the	right	tools	to	tackle	challenges	in	domestic	gardens,	landscape	maintenance,	agriculture,	forestry	and
construction	work.	STIHL	is	synonymous	with	the	joy	of	working	in	nature,	and	we	apply	this	joy	to	our	products	–	with	quality,	performance	and	user-friendliness	at	the	heart	of	what	we	do.	STIHL’s	philosophy	has	been	deeply	rooted	in	these	values	for	over	90	years.	During	this	time,	STIHL	has	grown	from	a	medium-sized	company	to	a	global
player,	and	from	a	classic	machine	builder	to	a	market	and	technology	leader	in	the	field	of	chainsaws	and	power	tools.	Our	basic	approach	has	never	changed:	we	are	a	family-owned	company	that	makes	it	easier	for	people	to	work	with	and	in	nature,	and	inspires	them	with	innovative	products.	German	power	tool	manufacturer	For	the	company's
namesake	founder,	see	Andreas	Stihl.	For	other	uses,	see	Stihl	(disambiguation).	Andreas	Stihl	AG	&	Co.Stihl	logoCompany	typePrivateIndustryForestry	equipment,	Landscape	maintenanceFounded1926;	99	years	ago	(1926)FounderAndreas	StihlHeadquartersWaiblingen,	GermanyKey	peopleNikolas	Stihl	(chairman	of	Stihl	Holding	AG	&	Co.	KG)Eva
Stihl	(vice	chairperson)ProductsIndustrial	chainsaws,	string	trimmers,	cultivators,	cut-off	saws,	leaf	blowers,	construction	tools,	edgers,	pole	pruners,	augers/drills	&	protective	apparelRevenue€5.058	billion	(2021)[1]Number	of	employees20,552	(2022)[2]Websitestihl.com	Andreas	Stihl	AG	&	Co.	(commonly	referred	to	as	Stihl	and	styled	as	STIHL,
/stiːl/	,[3]	German:	[ʃtiːl])	is	a	German	manufacturer	of	chainsaws	and	other	handheld	power	equipment	including	trimmers	and	blowers	headquartered	in	Waiblingen,	Baden-Württemberg,	near	Stuttgart,	Germany.	Stihl	was	founded	in	1926	by	Andreas	Stihl,	an	innovator	in	early	chainsaw	production.	Stihl	says	it	is	the	world's	best-selling	brand	of
chainsaws	and	the	only	chainsaw	manufacturer	to	make	its	own	saw	chains	and	guide	bars.[4]	Andreas	Stihl	AG	is	a	privately	held	company	owned	by	the	descendants	of	Andreas	Stihl.	Stihl	operates	the	Stihl	Timbersports	Series.	Andreas	Stihl	designed	and	hand	built	his	first	chainsaw	in	1926.[5]	The	saw	was	electrically	powered,	and	weighed	about
48	kg	(106	lb).[6]	Stihl	grew	slowly	initially,	as	the	chainsaws	came	to	the	market	about	the	same	time	as	the	Great	Depression;	with	manpower	cheap,	and	old	two-man	saws	proven,	there	was	no	need	for	power	saws.	In	1930,	Stihl	created	the	first	ever	chainsaw	that	could	be	operated	by	only	one	person.[7]	The	company	continued	to	grow	and	in
1931	it	became	the	first	European	company	to	export	chainsaws	to	the	United	States	and	the	Soviet	Union.[8]	During	the	Second	World	War,	the	company	operated	in	Bad	Cannstatt	as	"A.	Stihl	Maschinenfabrik".	After	the	factory	was	badly	damaged	in	bombings	in	1943–1944,	it	was	moved	to	Neustadt	(now	Waiblingen).	The	company	employed
about	250	people	in	1939,	and	during	the	war,	it	also	employed	a	number	of	slave	labourers.[citation	needed]	In	1945,	Stihl,	a	Nazi	Party	and	Allgemeine	SS	member,	was	arrested	by	Allied	troops	and	his	company	was	seized.	After	three	years'	detention,	he	was	classified	as	a	Mitläufer	and	released,	and	his	company	was	returned.[9]	Stihl	has	been
the	biggest	chainsaw	manufacturing	company	in	the	world	since	1971.[9]	In	the	mid-1970s,	Stihl	expanded	the	company	by	building	manufacturing	plants	in	Brazil	and	in	the	United	States.	Much	of	the	increased	demand	came	from	the	construction	and	landscaping	markets,	although	in	Brazil	it	was	mainly	forest	clearance.	Along	with	the	professional
markets,	Stihl	designed	a	number	of	home-use	equipment,	like	blowers,	line	trimmers,	edgers,	and	chainsaws.	In	the	1970s	while	building	chainsaws,	Stihl	entered	the	small	engine	market	contracting	the	Japanese	company	Komatsu	to	make	products	like	blowers(eg.BG60)	and	brush	cutters(eg.FS80)	for	several	years	until	Stihl	designed	their	own.
Early	in	the	market,	Stihl	contracted	Ryobi	to	build	the	FS36\FS44	for	the	early	lower	price	point	brush	cutters	before	making	their	own	like	the	FS75.	In	1992,	Stihl	acquired	Viking,	an	Austrian	company.	In	2008,	the	newest	Stihl	production	facility	opened	in	Qingdao,	China.[10]	In	December	2008,	Stihl	acquired	the	carburetor	producer	Zama	to
safeguard	the	supply	and	to	enter	a	new	business	segment	with	growth	potential.[11]	Incorporated	in	Delaware,	Stihl	Inc.	is	the	US	subsidiary	of	Stihl	International	GmbH	and	is	based	in	Virginia	Beach,	Virginia.	Construction	of	the	facilities	there	began	in	1974.	Along	with	the	manufacturing	facilities,	there	are	also	warehouses	and	administration
buildings	at	the	150-acre	complex.	Stihl	Inc.	employs	almost	2,000	employees	on	2	million	square	feet	of	buildings.	Andreas	Stihl	Ltd	was	founded	in	1978	in	the	United	Kingdom.	Stihl	gasoline-powered	trimmers.	Mid-1990s	model	FS74,	left,	and	2004	model	FS80R,	right.	Stihl	gasoline-powered	chainsaws:	MS	170	(foreground),	MS	290	Farm	Boss
(background)	National	Championship	Air	Races	(title	sponsor,	2016–present)[12]	NorthEast	United	(2019–Present)	^	"KEY	FIGURES	2021".	stihl.com.	2020.	Retrieved	2021-12-29.	^	"KEY	FIGURES	2022".	stihl.com.	2020.	Retrieved	2021-12-29.	^	"Stihl	USA	FAQ".	Retrieved	2018-03-12.	^	"STIHL	Corporate	Culture"	(PDF).	Archived	from	the	original
(PDF)	on	2015-09-24.	Retrieved	2015-05-06.	^	New	Zealand	Forest	Industries.	Profile	Pub.	Limited.	1995.	^	Forest	Industries	Review.	Modern	Productions.	1976.	^	"1930	-	1939".	STIHL.	Retrieved	4	April	2020.	^	Evans,	Ferguson	(2008).	The	Rise	of	the	Japanese	Specialist	Manufacturer:	Leading	Medium-Sized	Enterprises.	Springer.	p.	40.
ISBN	9780230594951.	^	a	b	Edlinger,	Katharina.	"Stihl,	Andreas".	Deutsche	Biographie	(in	German).	Retrieved	4	April	2020.	^	"Shandong	Provincial	Government	Delegation	visited	STIHL	Qingdao".	Archived	from	the	original	on	2012-04-26.	Retrieved	2013-11-01.	^	STIHL	AG	&	Co.	KG.	"Stihl	press	release"	(PDF).	Archived	from	the	original	(PDF)	on
18	April	2016.	Retrieved	24	October	2016.	^	"STIHL	Signs	on	as	Presenting	Sponsor	of	the	National	Championship	Air	Races".	7	September	2016.	Official	website	Retrieved	from	"	2Scanning	of	an	object	or	environment	to	collect	data	on	its	shape	Making	a	3D	model	of	a	Viking	belt	buckle	using	a	hand	held	VIUscan	3D	laser	scanner	3D	scanning	is
the	process	of	analyzing	a	real-world	object	or	environment	to	collect	three	dimensional	data	of	its	shape	and	possibly	its	appearance	(e.g.	color).	The	collected	data	can	then	be	used	to	construct	digital	3D	models.	A	3D	scanner	can	be	based	on	many	different	technologies,	each	with	its	own	limitations,	advantages	and	costs.	Many	limitations	in	the
kind	of	objects	that	can	be	digitized	are	still	present.	For	example,	optical	technology	may	encounter	difficulties	with	dark,	shiny,	reflective	or	transparent	objects	while	industrial	computed	tomography	scanning,	structured-light	3D	scanners,	LiDAR	and	Time	Of	Flight	3D	Scanners	can	be	used	to	construct	digital	3D	models,	without	destructive
testing.	Collected	3D	data	is	useful	for	a	wide	variety	of	applications.	These	devices	are	used	extensively	by	the	entertainment	industry	in	the	production	of	movies	and	video	games,	including	virtual	reality.	Other	common	applications	of	this	technology	include	augmented	reality,[1]	motion	capture,[2][3]	gesture	recognition,[4]	robotic	mapping,[5]
industrial	design,	orthotics	and	prosthetics,[6]	reverse	engineering	and	prototyping,	quality	control/inspection	and	the	digitization	of	cultural	artifacts.[7]	The	purpose	of	a	3D	scanner	is	usually	to	create	a	3D	model.	This	3D	model	consists	of	a	polygon	mesh	or	point	cloud	of	geometric	samples	on	the	surface	of	the	subject.	These	points	can	then	be
used	to	extrapolate	the	shape	of	the	subject	(a	process	called	reconstruction).	If	color	information	is	collected	at	each	point,	then	the	colors	or	textures	on	the	surface	of	the	subject	can	also	be	determined.	3D	scanners	share	several	traits	with	cameras.	Like	most	cameras,	they	have	a	cone-like	field	of	view,	and	like	cameras,	they	can	only	collect
information	about	surfaces	that	are	not	obscured.	While	a	camera	collects	color	information	about	surfaces	within	its	field	of	view,	a	3D	scanner	collects	distance	information	about	surfaces	within	its	field	of	view.	The	"picture"	produced	by	a	3D	scanner	describes	the	distance	to	a	surface	at	each	point	in	the	picture.	This	allows	the	three	dimensional
position	of	each	point	in	the	picture	to	be	identified.[7]	In	some	situations,	a	single	scan	will	not	produce	a	complete	model	of	the	subject.	Multiple	scans,	from	different	directions	are	usually	helpful	to	obtain	information	about	all	sides	of	the	subject.	These	scans	have	to	be	brought	into	a	common	reference	system,	a	process	that	is	usually	called
alignment	or	registration,	and	then	merged	to	create	a	complete	3D	model.	This	whole	process,	going	from	the	single	range	map	to	the	whole	model,	is	usually	known	as	the	3D	scanning	pipeline.[8][9][10][11][12]	There	are	a	variety	of	technologies	for	digitally	acquiring	the	shape	of	a	3D	object.	The	techniques	work	with	most	or	all	sensor	types
including	optical,	acoustic,	laser	scanning,[13]	radar,	thermal,[14]	and	seismic.[15][16]	3D	scan	technologies	can	be	split	in	2	categories:	contact	and	non-contact.	Non-contact	solutions	can	be	further	divided	into	two	main	categories,	active	and	passive.[17]	There	are	a	variety	of	technologies	that	fall	under	each	of	these	categories.	A	coordinate
measuring	machine	(CMM)	with	scanning	head	Contact	3D	scanners	work	by	physically	probing	(touching)	the	part	and	recording	the	position	of	the	sensor	as	the	probe	moves	around	the	part.	There	are	two	main	types	of	contact	3D	scanners:	Coordinate	measuring	machines	(CMMs)	which	traditionally	have	3	perpendicular	moving	axis	with	a	touch
probe	mounted	on	the	Z	axis.	As	the	touch	probe	moves	around	the	part,	sensors	on	each	axis	record	the	position	to	generate	XYZ	coordinates.	Modern	CMMs	are	5	axis	systems,	with	the	two	extra	axes	provided	by	pivoting	sensor	heads.	CMMs	are	the	most	accurate	form	of	3D	measurement	achieving	micron	precision.	The	greatest	advantage	of	a
CMM	after	accuracy	is	that	it	can	be	run	in	autonomous	(CNC)	mode	or	as	a	manual	probing	system.	The	disadvantage	of	CMMs	is	that	their	upfront	cost	and	the	technical	knowledge	required	to	operate	them.	Articulated	Arms	which	generally	have	multiple	segments	with	polar	sensors	on	each	joint.	As	per	the	CMM,	as	the	articulated	arm	moves
around	the	part	sensors	record	their	position	and	the	location	of	the	end	of	the	arm	is	calculated	using	complex	math	and	the	wrist	rotation	angle	and	hinge	angle	of	each	joint.	While	not	usually	as	accurate	as	CMMs,	articulated	arms	still	achieve	high	accuracy	and	are	cheaper	and	slightly	easier	to	use.	They	do	not	usually	have	CNC	options.	Both
modern	CMMs	and	Articulated	Arms	can	also	be	fitted	with	non-contact	laser	scanners	instead	of	touch	probes.	Active	scanners	emit	some	kind	of	radiation	or	light	and	detect	its	reflection	or	radiation	passing	through	object	in	order	to	probe	an	object	or	environment.	Possible	types	of	emissions	used	include	light,	ultrasound	or	x-ray.	This	lidar
scanner	may	be	used	to	scan	buildings,	rock	formations,	etc.,	to	produce	a	3D	model.	The	lidar	can	aim	its	laser	beam	in	a	wide	range:	its	head	rotates	horizontally,	a	mirror	flips	vertically.	The	laser	beam	is	used	to	measure	the	distance	to	the	first	object	on	its	path.	The	time-of-flight	3D	laser	scanner	is	an	active	scanner	that	uses	laser	light	to	probe
the	subject.	At	the	heart	of	this	type	of	scanner	is	a	time-of-flight	laser	range	finder.	The	laser	range	finder	finds	the	distance	of	a	surface	by	timing	the	round-trip	time	of	a	pulse	of	light.	A	laser	is	used	to	emit	a	pulse	of	light	and	the	amount	of	time	before	the	reflected	light	is	seen	by	a	detector	is	measured.	Since	the	speed	of	light	c	{\displaystyle	c}
is	known,	the	round-trip	time	determines	the	travel	distance	of	the	light,	which	is	twice	the	distance	between	the	scanner	and	the	surface.	If	t	{\displaystyle	t}	is	the	round-trip	time,	then	distance	is	equal	to	c	⋅	t	/	2	{\displaystyle	\textstyle	c\!\cdot	\!t/2}	.	The	accuracy	of	a	time-of-flight	3D	laser	scanner	depends	on	how	precisely	we	can	measure	the	t
{\displaystyle	t}	time:	3.3	picoseconds	(approx.)	is	the	time	taken	for	light	to	travel	1	millimetre.	The	laser	range	finder	only	detects	the	distance	of	one	point	in	its	direction	of	view.	Thus,	the	scanner	scans	its	entire	field	of	view	one	point	at	a	time	by	changing	the	range	finder's	direction	of	view	to	scan	different	points.	The	view	direction	of	the	laser
range	finder	can	be	changed	either	by	rotating	the	range	finder	itself,	or	by	using	a	system	of	rotating	mirrors.	The	latter	method	is	commonly	used	because	mirrors	are	much	lighter	and	can	thus	be	rotated	much	faster	and	with	greater	accuracy.	Typical	time-of-flight	3D	laser	scanners	can	measure	the	distance	of	10,000~100,000	points	every
second.	Time-of-flight	devices	are	also	available	in	a	2D	configuration.	This	is	referred	to	as	a	time-of-flight	camera.[18]	Principle	of	a	laser	triangulation	sensor.	Two	object	positions	are	shown.	Triangulation	based	3D	laser	scanners	are	also	active	scanners	that	use	laser	light	to	probe	the	environment.	With	respect	to	time-of-flight	3D	laser	scanner
the	triangulation	laser	shines	a	laser	on	the	subject	and	exploits	a	camera	to	look	for	the	location	of	the	laser	dot.	Depending	on	how	far	away	the	laser	strikes	a	surface,	the	laser	dot	appears	at	different	places	in	the	camera's	field	of	view.	This	technique	is	called	triangulation	because	the	laser	dot,	the	camera	and	the	laser	emitter	form	a	triangle.
The	length	of	one	side	of	the	triangle,	the	distance	between	the	camera	and	the	laser	emitter	is	known.	The	angle	of	the	laser	emitter	corner	is	also	known.	The	angle	of	the	camera	corner	can	be	determined	by	looking	at	the	location	of	the	laser	dot	in	the	camera's	field	of	view.	These	three	pieces	of	information	fully	determine	the	shape	and	size	of
the	triangle	and	give	the	location	of	the	laser	dot	corner	of	the	triangle.[19]	In	most	cases	a	laser	stripe,	instead	of	a	single	laser	dot,	is	swept	across	the	object	to	speed	up	the	acquisition	process.	The	use	of	triangulation	to	measure	distances	dates	to	antiquity.	Time-of-flight	range	finders	are	capable	of	operating	over	long	distances	on	the	order	of
kilometres.	These	scanners	are	thus	suitable	for	scanning	large	structures	like	buildings	or	geographic	features.	A	disadvantage	is	that,	due	to	the	high	speed	of	light,	measuring	the	round-trip	time	is	difficult	and	so	the	accuracy	of	the	distance	measurement	is	relatively	low,	on	the	order	of	millimetres.	Triangulation	range	finders,	on	the	other	hand,
have	a	range	of	usually	limited	to	a	few	meters	for	reasonably	sized	devices,	but	their	accuracy	is	relatively	high.	The	accuracy	of	triangulation	range	finders	is	on	the	order	of	tens	of	micrometers.	Time-of-flight	scanners'	accuracy	can	be	lost	when	the	laser	hits	the	edge	of	an	object	because	the	information	that	is	sent	back	to	the	scanner	is	from	two
different	locations	for	one	laser	pulse.	The	coordinate	relative	to	the	scanner's	position	for	a	point	that	has	hit	the	edge	of	an	object	will	be	calculated	based	on	an	average	and	therefore	will	put	the	point	in	the	wrong	place.	When	using	a	high	resolution	scan	on	an	object	the	chances	of	the	beam	hitting	an	edge	are	increased	and	the	resulting	data	will
show	noise	just	behind	the	edges	of	the	object.	Scanners	with	a	smaller	beam	width	will	help	to	solve	this	problem	but	will	be	limited	by	range	as	the	beam	width	will	increase	over	distance.	Software	can	also	help	by	determining	that	the	first	object	to	be	hit	by	the	laser	beam	should	cancel	out	the	second.	At	a	rate	of	10,000	sample	points	per	second,
low	resolution	scans	can	take	less	than	a	second,	but	high	resolution	scans,	requiring	millions	of	samples,	can	take	minutes	for	some	time-of-flight	scanners.	The	problem	this	creates	is	distortion	from	motion.	Since	each	point	is	sampled	at	a	different	time,	any	motion	in	the	subject	or	the	scanner	will	distort	the	collected	data.	Thus,	it	is	usually
necessary	to	mount	both	the	subject	and	the	scanner	on	stable	platforms	and	minimise	vibration.	Using	these	scanners	to	scan	objects	in	motion	is	very	difficult.	Recently,	there	has	been	research	on	compensating	for	distortion	from	small	amounts	of	vibration[20]	and	distortions	due	to	motion	and/or	rotation.[21]	Short-range	laser	scanners	can	not
usually	encompass	a	depth	of	field	more	than	1	meter.[22]	When	scanning	in	one	position	for	any	length	of	time	slight	movement	can	occur	in	the	scanner	position	due	to	changes	in	temperature.	If	the	scanner	is	set	on	a	tripod	and	there	is	strong	sunlight	on	one	side	of	the	scanner	then	that	side	of	the	tripod	will	expand	and	slowly	distort	the	scan
data	from	one	side	to	another.	Some	laser	scanners	have	level	compensators	built	into	them	to	counteract	any	movement	of	the	scanner	during	the	scan	process.	In	a	conoscopic	system,	a	laser	beam	is	projected	onto	the	surface	and	then	the	immediate	reflection	along	the	same	ray-path	are	put	through	a	conoscopic	crystal	and	projected	onto	a	CCD.
The	result	is	a	diffraction	pattern,	that	can	be	frequency	analyzed	to	determine	the	distance	to	the	measured	surface.	The	main	advantage	with	conoscopic	holography	is	that	only	a	single	ray-path	is	needed	for	measuring,	thus	giving	an	opportunity	to	measure	for	instance	the	depth	of	a	finely	drilled	hole.[23]	Hand-held	laser	scanners	create	a	3D
image	through	the	triangulation	mechanism	described	above:	a	laser	dot	or	line	is	projected	onto	an	object	from	a	hand-held	device	and	a	sensor	(typically	a	charge-coupled	device	or	position	sensitive	device)	measures	the	distance	to	the	surface.	Data	is	collected	in	relation	to	an	internal	coordinate	system	and	therefore	to	collect	data	where	the
scanner	is	in	motion	the	position	of	the	scanner	must	be	determined.	The	position	can	be	determined	by	the	scanner	using	reference	features	on	the	surface	being	scanned	(typically	adhesive	reflective	tabs,	but	natural	features	have	been	also	used	in	research	work)[24][25]	or	by	using	an	external	tracking	method.	External	tracking	often	takes	the
form	of	a	laser	tracker	(to	provide	the	sensor	position)	with	integrated	camera	(to	determine	the	orientation	of	the	scanner)	or	a	photogrammetric	solution	using	3	or	more	cameras	providing	the	complete	six	degrees	of	freedom	of	the	scanner.	Both	techniques	tend	to	use	infrared	light-emitting	diodes	attached	to	the	scanner	which	are	seen	by	the
camera(s)	through	filters	providing	resilience	to	ambient	lighting.[26]	Data	is	collected	by	a	computer	and	recorded	as	data	points	within	three-dimensional	space,	with	processing	this	can	be	converted	into	a	triangulated	mesh	and	then	a	computer-aided	design	model,	often	as	non-uniform	rational	B-spline	surfaces.	Hand-held	laser	scanners	can
combine	this	data	with	passive,	visible-light	sensors	—	which	capture	surface	textures	and	colors	—	to	build	(or	"reverse	engineer")	a	full	3D	model.	Main	article:	Structured-light	3D	scanner	Structured-light	3D	scanners	project	a	pattern	of	light	on	the	subject	and	look	at	the	deformation	of	the	pattern	on	the	subject.	The	pattern	is	projected	onto	the
subject	using	either	an	LCD	projector	or	other	stable	light	source.	A	camera,	offset	slightly	from	the	pattern	projector,	looks	at	the	shape	of	the	pattern	and	calculates	the	distance	of	every	point	in	the	field	of	view.	Structured-light	scanning	is	still	a	very	active	area	of	research	with	many	research	papers	published	each	year.	Perfect	maps	have	also
been	proven	useful	as	structured	light	patterns	that	solve	the	correspondence	problem	and	allow	for	error	detection	and	error	correction.[27]	The	advantage	of	structured-light	3D	scanners	is	speed	and	precision.	Instead	of	scanning	one	point	at	a	time,	structured	light	scanners	scan	multiple	points	or	the	entire	field	of	view	at	once.	Scanning	an
entire	field	of	view	in	a	fraction	of	a	second	reduces	or	eliminates	the	problem	of	distortion	from	motion.	Some	existing	systems	are	capable	of	scanning	moving	objects	in	real-time.	A	real-time	scanner	using	digital	fringe	projection	and	phase-shifting	technique	(certain	kinds	of	structured	light	methods)	was	developed,	to	capture,	reconstruct,	and
render	high-density	details	of	dynamically	deformable	objects	(such	as	facial	expressions)	at	40	frames	per	second.[28]	Recently,	another	scanner	has	been	developed.	Different	patterns	can	be	applied	to	this	system,	and	the	frame	rate	for	capturing	and	data	processing	achieves	120	frames	per	second.	It	can	also	scan	isolated	surfaces,	for	example
two	moving	hands.[29]	By	utilising	the	binary	defocusing	technique,	speed	breakthroughs	have	been	made	that	could	reach	hundreds[30]	to	thousands	of	frames	per	second.[31]	Modulated	light	3D	scanners	shine	a	continually	changing	light	at	the	subject.	Usually	the	light	source	simply	cycles	its	amplitude	in	a	sinusoidal	pattern.	A	camera	detects
the	reflected	light	and	the	amount	the	pattern	is	shifted	by	determines	the	distance	the	light	travelled.	Modulated	light	also	allows	the	scanner	to	ignore	light	from	sources	other	than	a	laser,	so	there	is	no	interference.	Computed	tomography	(CT)	is	a	medical	imaging	method	which	generates	a	three-dimensional	image	of	the	inside	of	an	object	from	a
large	series	of	two-dimensional	X-ray	images,	similarly	magnetic	resonance	imaging	is	another	medical	imaging	technique	that	provides	much	greater	contrast	between	the	different	soft	tissues	of	the	body	than	computed	tomography	(CT)	does,	making	it	especially	useful	in	neurological	(brain),	musculoskeletal,	cardiovascular,	and	oncological
(cancer)	imaging.	These	techniques	produce	a	discrete	3D	volumetric	representation	that	can	be	directly	visualised,	manipulated	or	converted	to	traditional	3D	surface	by	mean	of	isosurface	extraction	algorithms.	Although	most	common	in	medicine,	industrial	computed	tomography,	microtomography	and	MRI	are	also	used	in	other	fields	for
acquiring	a	digital	representation	of	an	object	and	its	interior,	such	as	non	destructive	materials	testing,	reverse	engineering,	or	studying	biological	and	paleontological	specimens.	Passive	3D	imaging	solutions	do	not	emit	any	kind	of	radiation	themselves,	but	instead	rely	on	detecting	reflected	ambient	radiation.	Most	solutions	of	this	type	detect
visible	light	because	it	is	a	readily	available	ambient	radiation.	Other	types	of	radiation,	such	as	infrared	could	also	be	used.	Passive	methods	can	be	very	cheap,	because	in	most	cases	they	do	not	need	particular	hardware	but	simple	digital	cameras.	Stereoscopic	systems	usually	employ	two	video	cameras,	slightly	apart,	looking	at	the	same	scene.	By
analysing	the	slight	differences	between	the	images	seen	by	each	camera,	it	is	possible	to	determine	the	distance	at	each	point	in	the	images.	This	method	is	based	on	the	same	principles	driving	human	stereoscopic	vision.[32]	Photometric	systems	usually	use	a	single	camera,	but	take	multiple	images	under	varying	lighting	conditions.	These
techniques	attempt	to	invert	the	image	formation	model	in	order	to	recover	the	surface	orientation	at	each	pixel.	Silhouette	techniques	use	outlines	created	from	a	sequence	of	photographs	around	a	three-dimensional	object	against	a	well	contrasted	background.	These	silhouettes	are	extruded	and	intersected	to	form	the	visual	hull	approximation	of
the	object.	With	these	approaches	some	concavities	of	an	object	(like	the	interior	of	a	bowl)	cannot	be	detected.	This	section	needs	expansion.	You	can	help	by	adding	to	it.	(March	2020)	Main	article:	Photogrammetry	Images	taken	from	multiple	perspectives	such	as	a	fixed	camera	array	can	be	taken	of	a	subject	for	a	photogrammetric	reconstruction
pipeline	to	generate	a	3D	mesh	or	point	cloud.	Photogrammetry	provides	reliable	information	about	3D	shapes	of	physical	objects	based	on	analysis	of	photographic	images.	The	resulting	3D	data	is	typically	provided	as	a	3D	point	cloud,	3D	mesh	or	3D	points.[33]	Modern	photogrammetry	software	applications	automatically	analyze	a	large	number	of
digital	images	for	3D	reconstruction,	however	manual	interaction	may	be	required	if	the	software	cannot	automatically	determine	the	3D	positions	of	the	camera	in	the	images	which	is	an	essential	step	in	the	reconstruction	pipeline.	Various	software	packages	are	available	including	PhotoModeler,	Geodetic	Systems,	Autodesk	ReCap,	RealityCapture
and	Agisoft	Metashape	(see	comparison	of	photogrammetry	software).	Close	range	photogrammetry	typically	uses	a	handheld	camera	such	as	a	DSLR	with	a	fixed	focal	length	lens	to	capture	images	of	objects	for	3D	reconstruction.[34]	Subjects	include	smaller	objects	such	as	a	building	facade,	vehicles,	sculptures,	rocks,	and	shoes.	Camera	Arrays
can	be	used	to	generate	3D	point	clouds	or	meshes	of	live	objects	such	as	people	or	pets	by	synchronizing	multiple	cameras	to	photograph	a	subject	from	multiple	perspectives	at	the	same	time	for	3D	object	reconstruction.[35]	Wide	angle	photogrammetry	can	be	used	to	capture	the	interior	of	buildings	or	enclosed	spaces	using	a	wide	angle	lens
camera	such	as	a	360	camera.	Aerial	photogrammetry	uses	aerial	images	acquired	by	satellite,	commercial	aircraft	or	UAV	drone	to	collect	images	of	buildings,	structures	and	terrain	for	3D	reconstruction	into	a	point	cloud	or	mesh.	Semi-automatic	building	extraction	from	lidar	data	and	high-resolution	images	is	also	a	possibility.	Again,	this
approach	allows	modelling	without	physically	moving	towards	the	location	or	object.[36]	From	airborne	lidar	data,	digital	surface	model	(DSM)	can	be	generated	and	then	the	objects	higher	than	the	ground	are	automatically	detected	from	the	DSM.	Based	on	general	knowledge	about	buildings,	geometric	characteristics	such	as	size,	height	and	shape
information	are	then	used	to	separate	the	buildings	from	other	objects.	The	extracted	building	outlines	are	then	simplified	using	an	orthogonal	algorithm	to	obtain	better	cartographic	quality.	Watershed	analysis	can	be	conducted	to	extract	the	ridgelines	of	building	roofs.	The	ridgelines	as	well	as	slope	information	are	used	to	classify	the	buildings	per
type.	The	buildings	are	then	reconstructed	using	three	parametric	building	models	(flat,	gabled,	hipped).[37]	Lidar	and	other	terrestrial	laser	scanning	technology[38]	offers	the	fastest,	automated	way	to	collect	height	or	distance	information.	lidar	or	laser	for	height	measurement	of	buildings	is	becoming	very	promising.[39]	Commercial	applications
of	both	airborne	lidar	and	ground	laser	scanning	technology	have	proven	to	be	fast	and	accurate	methods	for	building	height	extraction.	The	building	extraction	task	is	needed	to	determine	building	locations,	ground	elevation,	orientations,	building	size,	rooftop	heights,	etc.	Most	buildings	are	described	to	sufficient	details	in	terms	of	general
polyhedra,	i.e.,	their	boundaries	can	be	represented	by	a	set	of	planar	surfaces	and	straight	lines.	Further	processing	such	as	expressing	building	footprints	as	polygons	is	used	for	data	storing	in	GIS	databases.	Using	laser	scans	and	images	taken	from	ground	level	and	a	bird's-eye	perspective,	Fruh	and	Zakhor	present	an	approach	to	automatically
create	textured	3D	city	models.	This	approach	involves	registering	and	merging	the	detailed	facade	models	with	a	complementary	airborne	model.	The	airborne	modeling	process	generates	a	half-meter	resolution	model	with	a	bird's-eye	view	of	the	entire	area,	containing	terrain	profile	and	building	tops.	Ground-based	modeling	process	results	in	a
detailed	model	of	the	building	facades.	Using	the	DSM	obtained	from	airborne	laser	scans,	they	localize	the	acquisition	vehicle	and	register	the	ground-based	facades	to	the	airborne	model	by	means	of	Monte	Carlo	localization	(MCL).	Finally,	the	two	models	are	merged	with	different	resolutions	to	obtain	a	3D	model.	Using	an	airborne	laser	altimeter,
Haala,	Brenner	and	Anders	combined	height	data	with	the	existing	ground	plans	of	buildings.	The	ground	plans	of	buildings	had	already	been	acquired	either	in	analog	form	by	maps	and	plans	or	digitally	in	a	2D	GIS.	The	project	was	done	in	order	to	enable	an	automatic	data	capture	by	the	integration	of	these	different	types	of	information.
Afterwards	virtual	reality	city	models	are	generated	in	the	project	by	texture	processing,	e.g.	by	mapping	of	terrestrial	images.	The	project	demonstrated	the	feasibility	of	rapid	acquisition	of	3D	urban	GIS.	Ground	plans	proved	are	another	very	important	source	of	information	for	3D	building	reconstruction.	Compared	to	results	of	automatic
procedures,	these	ground	plans	proved	more	reliable	since	they	contain	aggregated	information	which	has	been	made	explicit	by	human	interpretation.	For	this	reason,	ground	plans,	can	considerably	reduce	costs	in	a	reconstruction	project.	An	example	of	existing	ground	plan	data	usable	in	building	reconstruction	is	the	Digital	Cadastral	map,	which
provides	information	on	the	distribution	of	property,	including	the	borders	of	all	agricultural	areas	and	the	ground	plans	of	existing	buildings.	Additionally	information	as	street	names	and	the	usage	of	buildings	(e.g.	garage,	residential	building,	office	block,	industrial	building,	church)	is	provided	in	the	form	of	text	symbols.	At	the	moment	the	Digital
Cadastral	map	is	built	up	as	a	database	covering	an	area,	mainly	composed	by	digitizing	preexisting	maps	or	plans.	Terrestrial	laser	scan	devices	(pulse	or	phase	devices)	+	processing	software	generally	start	at	a	price	of	€150,000.	Some	less	precise	devices	(as	the	Trimble	VX)	cost	around	€75,000.	Terrestrial	lidar	systems	cost	around	€300,000.
Systems	using	regular	still	cameras	mounted	on	RC	helicopters	(Photogrammetry)	are	also	possible,	and	cost	around	€25,000.	Systems	that	use	still	cameras	with	balloons	are	even	cheaper	(around	€2,500),	but	require	additional	manual	processing.	As	the	manual	processing	takes	around	one	month	of	labor	for	every	day	of	taking	pictures,	this	is	still
an	expensive	solution	in	the	long	run.	Obtaining	satellite	images	is	also	an	expensive	endeavor.	High	resolution	stereo	images	(0.5	m	resolution)	cost	around	€11,000.	Image	satellites	include	Quikbird,	Ikonos.	High	resolution	monoscopic	images	cost	around	€5,500.	Somewhat	lower	resolution	images	(e.g.	from	the	CORONA	satellite;	with	a	2	m
resolution)	cost	around	€1,000	per	2	images.	Note	that	Google	Earth	images	are	too	low	in	resolution	to	make	an	accurate	3D	model.[40]	Main	article:	3D	reconstruction	Point	cloud	data	of	the	David	W.	Dyer	Federal	Building	and	United	States	Courthouse	in	Miami,	Florida	The	point	clouds	produced	by	3D	scanners	and	3D	imaging	can	be	used
directly	for	measurement	and	visualisation	in	the	architecture	and	construction	world.	Most	applications,	however,	use	instead	polygonal	3D	models,	NURBS	surface	models,	or	editable	feature-based	CAD	models	(aka	solid	models).	Polygon	mesh	models:	In	a	polygonal	representation	of	a	shape,	a	curved	surface	is	modeled	as	many	small	faceted	flat
surfaces	(think	of	a	sphere	modeled	as	a	disco	ball).	Polygon	models—also	called	Mesh	models,	are	useful	for	visualisation,	for	some	CAM	(i.e.,	machining),	but	are	generally	"heavy"	(	i.e.,	very	large	data	sets),	and	are	relatively	un-editable	in	this	form.	Reconstruction	to	polygonal	model	involves	finding	and	connecting	adjacent	points	with	straight



lines	in	order	to	create	a	continuous	surface.	Many	applications,	both	free	and	nonfree,	are	available	for	this	purpose	(e.g.	GigaMesh,	MeshLab,	PointCab,	kubit	PointCloud	for	AutoCAD,	Reconstructor,	imagemodel,	PolyWorks,	Rapidform,	Geomagic,	Imageware,	Rhino	3D	etc.).	Surface	models:	The	next	level	of	sophistication	in	modeling	involves
using	a	quilt	of	curved	surface	patches	to	model	the	shape.	These	might	be	NURBS,	TSplines	or	other	curved	representations	of	curved	topology.	Using	NURBS,	the	spherical	shape	becomes	a	true	mathematical	sphere.	Some	applications	offer	patch	layout	by	hand	but	the	best	in	class	offer	both	automated	patch	layout	and	manual	layout.	These
patches	have	the	advantage	of	being	lighter	and	more	manipulable	when	exported	to	CAD.	Surface	models	are	somewhat	editable,	but	only	in	a	sculptural	sense	of	pushing	and	pulling	to	deform	the	surface.	This	representation	lends	itself	well	to	modelling	organic	and	artistic	shapes.	Providers	of	surface	modellers	include	Rapidform,	Geomagic,	Rhino
3D,	Maya,	T	Splines	etc.	Solid	CAD	models:	From	an	engineering/manufacturing	perspective,	the	ultimate	representation	of	a	digitised	shape	is	the	editable,	parametric	CAD	model.	In	CAD,	the	sphere	is	described	by	parametric	features	which	are	easily	edited	by	changing	a	value	(e.g.,	centre	point	and	radius).	These	CAD	models	describe	not	simply
the	envelope	or	shape	of	the	object,	but	CAD	models	also	embody	the	"design	intent"	(i.e.,	critical	features	and	their	relationship	to	other	features).	An	example	of	design	intent	not	evident	in	the	shape	alone	might	be	a	brake	drum's	lug	bolts,	which	must	be	concentric	with	the	hole	in	the	centre	of	the	drum.	This	knowledge	would	drive	the	sequence
and	method	of	creating	the	CAD	model;	a	designer	with	an	awareness	of	this	relationship	would	not	design	the	lug	bolts	referenced	to	the	outside	diameter,	but	instead,	to	the	center.	A	modeler	creating	a	CAD	model	will	want	to	include	both	Shape	and	design	intent	in	the	complete	CAD	model.	Vendors	offer	different	approaches	to	getting	to	the
parametric	CAD	model.	Some	export	the	NURBS	surfaces	and	leave	it	to	the	CAD	designer	to	complete	the	model	in	CAD	(e.g.,	Geomagic,	Imageware,	Rhino	3D).	Others	use	the	scan	data	to	create	an	editable	and	verifiable	feature	based	model	that	is	imported	into	CAD	with	full	feature	tree	intact,	yielding	a	complete,	native	CAD	model,	capturing
both	shape	and	design	intent	(e.g.	Geomagic,	Rapidform).	For	instance,	the	market	offers	various	plug-ins	for	established	CAD-programs,	such	as	SolidWorks.	Xtract3D,	DezignWorks	and	Geomagic	for	SolidWorks	allow	manipulating	a	3D	scan	directly	inside	SolidWorks.	Still	other	CAD	applications	are	robust	enough	to	manipulate	limited	points	or
polygon	models	within	the	CAD	environment	(e.g.,	CATIA,	AutoCAD,	Revit).	3D	reconstruction	of	the	brain	and	eyeballs	from	CT	scanned	DICOM	images.	In	this	image,	areas	with	the	density	of	bone	or	air	were	made	transparent,	and	the	slices	stacked	up	in	an	approximate	free-space	alignment.	The	outer	ring	of	material	around	the	brain	are	the	soft
tissues	of	skin	and	muscle	on	the	outside	of	the	skull.	A	black	box	encloses	the	slices	to	provide	the	black	background.	Since	these	are	simply	2D	images	stacked	up,	when	viewed	on	edge	the	slices	disappear	since	they	have	effectively	zero	thickness.	Each	DICOM	scan	represents	about	5	mm	of	material	averaged	into	a	thin	slice.	CT,	industrial	CT,
MRI,	or	micro-CT	scanners	do	not	produce	point	clouds	but	a	set	of	2D	slices	(each	termed	a	"tomogram")	which	are	then	'stacked	together'	to	produce	a	3D	representation.	There	are	several	ways	to	do	this	depending	on	the	output	required:	Volume	rendering:	Different	parts	of	an	object	usually	have	different	threshold	values	or	greyscale	densities.
From	this,	a	3-dimensional	model	can	be	constructed	and	displayed	on	screen.	Multiple	models	can	be	constructed	from	various	thresholds,	allowing	different	colors	to	represent	each	component	of	the	object.	Volume	rendering	is	usually	only	used	for	visualisation	of	the	scanned	object.	Image	segmentation:	Where	different	structures	have	similar
threshold/greyscale	values,	it	can	become	impossible	to	separate	them	simply	by	adjusting	volume	rendering	parameters.	The	solution	is	called	segmentation,	a	manual	or	automatic	procedure	that	can	remove	the	unwanted	structures	from	the	image.	Image	segmentation	software	usually	allows	export	of	the	segmented	structures	in	CAD	or	STL
format	for	further	manipulation.	Image-based	meshing:	When	using	3D	image	data	for	computational	analysis	(e.g.	CFD	and	FEA),	simply	segmenting	the	data	and	meshing	from	CAD	can	become	time-consuming,	and	virtually	intractable	for	the	complex	topologies	typical	of	image	data.	The	solution	is	called	image-based	meshing,	an	automated
process	of	generating	an	accurate	and	realistic	geometrical	description	of	the	scan	data.	Laser	scanning	describes	the	general	method	to	sample	or	scan	a	surface	using	laser	technology.	Several	areas	of	application	exist	that	mainly	differ	in	the	power	of	the	lasers	that	are	used,	and	in	the	results	of	the	scanning	process.	Low	laser	power	is	used	when
the	scanned	surface	doesn't	have	to	be	influenced,	e.g.	when	it	only	has	to	be	digitised.	Confocal	or	3D	laser	scanning	are	methods	to	get	information	about	the	scanned	surface.	Another	low-power	application	uses	structured	light	projection	systems	for	solar	cell	flatness	metrology,[41]	enabling	stress	calculation	throughout	in	excess	of	2000	wafers
per	hour.[42]	The	laser	power	used	for	laser	scanning	equipment	in	industrial	applications	is	typically	less	than	1W.	The	power	level	is	usually	on	the	order	of	200	mW	or	less	but	sometimes	more.	See	also:	Photogrammetry	3D	data	acquisition	and	object	reconstruction	can	be	performed	using	stereo	image	pairs.	Stereo	photogrammetry	or
photogrammetry	based	on	a	block	of	overlapped	images	is	the	primary	approach	for	3D	mapping	and	object	reconstruction	using	2D	images.	Close-range	photogrammetry	has	also	matured	to	the	level	where	cameras	or	digital	cameras	can	be	used	to	capture	the	close-look	images	of	objects,	e.g.,	buildings,	and	reconstruct	them	using	the	very	same
theory	as	the	aerial	photogrammetry.	An	example	of	software	which	could	do	this	is	Vexcel	FotoG	5.[43][44]	This	software	has	now	been	replaced	by	Vexcel	GeoSynth.[45]	Another	similar	software	program	is	Microsoft	Photosynth.[46][47]	A	semi-automatic	method	for	acquiring	3D	topologically	structured	data	from	2D	aerial	stereo	images	has	been
presented	by	Sisi	Zlatanova.[48]	The	process	involves	the	manual	digitizing	of	a	number	of	points	necessary	for	automatically	reconstructing	the	3D	objects.	Each	reconstructed	object	is	validated	by	superimposition	of	its	wire	frame	graphics	in	the	stereo	model.	The	topologically	structured	3D	data	is	stored	in	a	database	and	are	also	used	for
visualization	of	the	objects.	Notable	software	used	for	3D	data	acquisition	using	2D	images	include	e.g.	Agisoft	Metashape,[49]	RealityCapture,[50]	and	ENSAIS	Engineering	College	TIPHON	(Traitement	d'Image	et	PHOtogrammétrie	Numérique).[51]	A	method	for	semi-automatic	building	extraction	together	with	a	concept	for	storing	building	models
alongside	terrain	and	other	topographic	data	in	a	topographical	information	system	has	been	developed	by	Franz	Rottensteiner.	His	approach	was	based	on	the	integration	of	building	parameter	estimations	into	the	photogrammetry	process	applying	a	hybrid	modeling	scheme.	Buildings	are	decomposed	into	a	set	of	simple	primitives	that	are
reconstructed	individually	and	are	then	combined	by	Boolean	operators.	The	internal	data	structure	of	both	the	primitives	and	the	compound	building	models	are	based	on	the	boundary	representation	methods[52][53]	Multiple	images	are	used	in	Zhang's[54]	approach	to	surface	reconstruction	from	multiple	images.	A	central	idea	is	to	explore	the
integration	of	both	3D	stereo	data	and	2D	calibrated	images.	This	approach	is	motivated	by	the	fact	that	only	robust	and	accurate	feature	points	that	survived	the	geometry	scrutiny	of	multiple	images	are	reconstructed	in	space.	The	density	insufficiency	and	the	inevitable	holes	in	the	stereo	data	should	then	be	filled	in	by	using	information	from
multiple	images.	The	idea	is	thus	to	first	construct	small	surface	patches	from	stereo	points,	then	to	progressively	propagate	only	reliable	patches	in	their	neighborhood	from	images	into	the	whole	surface	using	a	best-first	strategy.	The	problem	thus	reduces	to	searching	for	an	optimal	local	surface	patch	going	through	a	given	set	of	stereo	points
from	images.	Multi-spectral	images	are	also	used	for	3D	building	detection.	The	first	and	last	pulse	data	and	the	normalized	difference	vegetation	index	are	used	in	the	process.[55]	New	measurement	techniques	are	also	employed	to	obtain	measurements	of	and	between	objects	from	single	images	by	using	the	projection,	or	the	shadow	as	well	as
their	combination.	This	technology	is	gaining	attention	given	its	fast	processing	time,	and	far	lower	cost	than	stereo	measurements.[citation	needed]	3D	scanning	technology	has	been	used	to	scan	space	rocks	for	the	European	Space	Agency.[56][57]	Robotic	control:	e.g.	a	laser	scanner	may	function	as	the	"eye"	of	a	robot.[58][59]	As-built	drawings	of
bridges,	industrial	plants,	and	monuments	Documentation	of	historical	sites[60]	Site	modelling	and	lay	outing	Quality	control	Quantity	surveys	Payload	monitoring	[61]	Freeway	redesign	Establishing	a	bench	mark	of	pre-existing	shape/state	in	order	to	detect	structural	changes	resulting	from	exposure	to	extreme	loadings	such	as	earthquake,
vessel/truck	impact	or	fire.	Create	GIS	(geographic	information	system)	maps[62]	and	geomatics.	Subsurface	laser	scanning	in	mines	and	karst	voids.[63]	Forensic	documentation[64]	Increasing	accuracy	working	with	complex	parts	and	shapes,	Coordinating	product	design	using	parts	from	multiple	sources,	Updating	old	CD	scans	with	those	from
more	current	technology,	Replacing	missing	or	older	parts,	Creating	cost	savings	by	allowing	as-built	design	services,	for	example	in	automotive	manufacturing	plants,	"Bringing	the	plant	to	the	engineers"	with	web	shared	scans,	and	Saving	travel	costs.	3D	scanners	are	used	by	the	entertainment	industry	to	create	digital	3D	models	for	movies,	video
games	and	leisure	purposes.[65]	They	are	heavily	utilized	in	virtual	cinematography.	In	cases	where	a	real-world	equivalent	of	a	model	exists,	it	is	much	faster	to	scan	the	real-world	object	than	to	manually	create	a	model	using	3D	modeling	software.	Frequently,	artists	sculpt	physical	models	of	what	they	want	and	scan	them	into	digital	form	rather
than	directly	creating	digital	models	on	a	computer.	3D	selfie	in	1:20	scale	printed	by	Shapeways	using	gypsum-based	printing,	created	by	Madurodam	miniature	park	from	2D	pictures	taken	at	its	Fantasitron	photo	booth	Fantasitron	3D	photo	booth	at	Madurodam	3D	scanners	are	evolving	for	the	use	of	cameras	to	represent	3D	objects	in	an	accurate
manner.[66]	Companies	are	emerging	since	2010	that	create	3D	portraits	of	people	(3D	figurines	or	3D	selfie).	An	augmented	reality	menu	for	the	Madrid	restaurant	chain	80	Degrees[67]	3D	laser	scanning	is	used	by	the	law	enforcement	agencies	around	the	world.	3D	models	are	used	for	on-site	documentation	of:[68]	Crime	scenes	Bullet	trajectories
Bloodstain	pattern	analysis	Accident	reconstruction	Bombings	Plane	crashes,	and	more	Reverse	engineering	of	a	mechanical	component	requires	a	precise	digital	model	of	the	objects	to	be	reproduced.	Rather	than	a	set	of	points	a	precise	digital	model	can	be	represented	by	a	polygon	mesh,	a	set	of	flat	or	curved	NURBS	surfaces,	or	ideally	for
mechanical	components,	a	CAD	solid	model.	A	3D	scanner	can	be	used	to	digitise	free-form	or	gradually	changing	shaped	components	as	well	as	prismatic	geometries	whereas	a	coordinate	measuring	machine	is	usually	used	only	to	determine	simple	dimensions	of	a	highly	prismatic	model.	These	data	points	are	then	processed	to	create	a	usable
digital	model,	usually	using	specialized	reverse	engineering	software.	Land	or	buildings	can	be	scanned	into	a	3D	model,	which	allows	buyers	to	tour	and	inspect	the	property	remotely,	anywhere,	without	having	to	be	present	at	the	property.[69]	There	is	already	at	least	one	company	providing	3D	scanned	virtual	real	estate	tours.[70]	A	typical	virtual
tour	Archived	2017-04-27	at	the	Wayback	Machine	would	consist	of	dollhouse	view,[71]	inside	view,	as	well	as	a	floor	plan.	The	environment	at	a	place	of	interest	can	be	captured	and	converted	into	a	3D	model.	This	model	can	then	be	explored	by	the	public,	either	through	a	VR	interface	or	a	traditional	"2D"	interface.	This	allows	the	user	to	explore
locations	which	are	inconvenient	for	travel.[72]	A	group	of	history	students	at	Vancouver	iTech	Preparatory	Middle	School	created	a	Virtual	Museum	by	3D	Scanning	more	than	100	artifacts.[73]	There	have	been	many	research	projects	undertaken	via	the	scanning	of	historical	sites	and	artifacts	both	for	documentation	and	analysis	purposes.[74]	The
resulting	models	can	be	used	for	a	variety	of	different	analytical	approaches.[75][76]	The	combined	use	of	3D	scanning	and	3D	printing	technologies	allows	the	replication	of	real	objects	without	the	use	of	traditional	plaster	casting	techniques,	that	in	many	cases	can	be	too	invasive	for	being	performed	on	precious	or	delicate	cultural	heritage
artifacts.[77]	In	an	example	of	a	typical	application	scenario,	a	gargoyle	model	was	digitally	acquired	using	a	3D	scanner	and	the	produced	3D	data	was	processed	using	MeshLab.	The	resulting	digital	3D	model	was	fed	to	a	rapid	prototyping	machine	to	create	a	real	resin	replica	of	the	original	object.	Creation	of	3D	models	for	Museums	and
Archaeological	artifacts[78][79][80]	In	1999,	two	different	research	groups	started	scanning	Michelangelo's	statues.	Stanford	University	with	a	group	led	by	Marc	Levoy[81]	used	a	custom	laser	triangulation	scanner	built	by	Cyberware	to	scan	Michelangelo's	statues	in	Florence,	notably	the	David,	the	Prigioni	and	the	four	statues	in	The	Medici
Chapel.	The	scans	produced	a	data	point	density	of	one	sample	per	0.25	mm,	detailed	enough	to	see	Michelangelo's	chisel	marks.	These	detailed	scans	produced	a	large	amount	of	data	(up	to	32	gigabytes)	and	processing	the	data	from	his	scans	took	5	months.	Approximately	in	the	same	period	a	research	group	from	IBM,	led	by	H.	Rushmeier	and	F.
Bernardini	scanned	the	Pietà	of	Florence	acquiring	both	geometric	and	color	details.	The	digital	model,	result	of	the	Stanford	scanning	campaign,	was	thoroughly	used	in	the	2004	subsequent	restoration	of	the	statue.[82]	In	2002,	David	Luebke,	et	al.	scanned	Thomas	Jefferson's	Monticello.[83]	A	commercial	time	of	flight	laser	scanner,	the
DeltaSphere	3000,	was	used.	The	scanner	data	was	later	combined	with	color	data	from	digital	photographs	to	create	the	Virtual	Monticello,	and	the	Jefferson's	Cabinet	exhibits	in	the	New	Orleans	Museum	of	Art	in	2003.	The	Virtual	Monticello	exhibit	simulated	a	window	looking	into	Jefferson's	Library.	The	exhibit	consisted	of	a	rear	projection
display	on	a	wall	and	a	pair	of	stereo	glasses	for	the	viewer.	The	glasses,	combined	with	polarised	projectors,	provided	a	3D	effect.	Position	tracking	hardware	on	the	glasses	allowed	the	display	to	adapt	as	the	viewer	moves	around,	creating	the	illusion	that	the	display	is	actually	a	hole	in	the	wall	looking	into	Jefferson's	Library.	The	Jefferson's	Cabinet
exhibit	was	a	barrier	stereogram	(essentially	a	non-active	hologram	that	appears	different	from	different	angles)	of	Jefferson's	Cabinet.	The	first	3D	models	of	cuneiform	tablets	were	acquired	in	Germany	in	2000.[84]	In	2003	the	so-called	Digital	Hammurabi	project	acquired	cuneiform	tablets	with	a	laser	triangulation	scanner	using	a	regular	grid
pattern	having	a	resolution	of	0.025	mm	(0.00098	in).[85]	With	the	use	of	high-resolution	3D	scanners	by	the	Heidelberg	University	for	tablet	acquisition	in	2009	the	development	of	the	GigaMesh	Software	Framework	began	to	visualize	and	extract	cuneiform	characters	from	3D	models.[86]	It	was	used	to	process	ca.	2.000	3D	digitized	tablets	of	the
Hilprecht	Collection	in	Jena	to	create	an	Open	Access	benchmark	dataset[87]	and	an	annotated	collection[88]	of	3D	models	of	tablets	freely	available	under	CC	BY	licenses.[89]	A	2009	CyArk	3D	scanning	project	at	Uganda's	historic	Kasubi	Tombs,	a	UNESCO	World	Heritage	Site,	using	a	Leica	HDS	4500,	produced	detailed	architectural	models	of
Muzibu	Azaala	Mpanga,	the	main	building	at	the	complex	and	tomb	of	the	Kabakas	(Kings)	of	Uganda.	A	fire	on	March	16,	2010,	burned	down	much	of	the	Muzibu	Azaala	Mpanga	structure,	and	reconstruction	work	is	likely	to	lean	heavily	upon	the	dataset	produced	by	the	3D	scan	mission.[90]	In	2005,	Gabriele	Guidi,	et	al.	scanned	the	"Plastico	di
Roma	antica",[91]	a	model	of	Rome	created	in	the	last	century.	Neither	the	triangulation	method,	nor	the	time	of	flight	method	satisfied	the	requirements	of	this	project	because	the	item	to	be	scanned	was	both	large	and	contained	small	details.	They	found	though,	that	a	modulated	light	scanner	was	able	to	provide	both	the	ability	to	scan	an	object
the	size	of	the	model	and	the	accuracy	that	was	needed.	The	modulated	light	scanner	was	supplemented	by	a	triangulation	scanner	which	was	used	to	scan	some	parts	of	the	model.	The	3D	Encounters	Project	at	the	Petrie	Museum	of	Egyptian	Archaeology	aims	to	use	3D	laser	scanning	to	create	a	high	quality	3D	image	library	of	artefacts	and	enable
digital	travelling	exhibitions	of	fragile	Egyptian	artefacts,	English	Heritage	has	investigated	the	use	of	3D	laser	scanning	for	a	wide	range	of	applications	to	gain	archaeological	and	condition	data,	and	the	National	Conservation	Centre	in	Liverpool	has	also	produced	3D	laser	scans	on	commission,	including	portable	object	and	in	situ	scans	of
archaeological	sites.[92]	The	Smithsonian	Institution	has	a	project	called	Smithsonian	X	3D	notable	for	the	breadth	of	types	of	3D	objects	they	are	attempting	to	scan.	These	include	small	objects	such	as	insects	and	flowers,	to	human	sized	objects	such	as	Amelia	Earhart's	Flight	Suit	to	room	sized	objects	such	as	the	Gunboat	Philadelphia	to	historic
sites	such	as	Liang	Bua	in	Indonesia.	Also	of	note	the	data	from	these	scans	is	being	made	available	to	the	public	for	free	and	downloadable	in	several	data	formats.	3D	scanners	are	used	to	capture	the	3D	shape	of	a	patient	in	orthotics	and	dentistry.	It	gradually	supplants	tedious	plaster	cast.	CAD/CAM	software	are	then	used	to	design	and
manufacture	the	orthosis,	prosthesis[93]	or	dental	implants.	Many	chairside	dental	CAD/CAM	systems	and	dental	laboratory	CAD/CAM	systems	use	3D	scanner	technologies	to	capture	the	3D	surface	of	a	dental	preparation	(either	in	vivo	or	in	vitro),	in	order	to	produce	a	restoration	digitally	using	CAD	software	and	ultimately	produce	the	final
restoration	using	a	CAM	technology	(such	as	a	CNC	milling	machine,	or	3D	printer).	The	chairside	systems	are	designed	to	facilitate	the	3D	scanning	of	a	preparation	in	vivo	and	produce	the	restoration	(such	as	a	Crown,	Onlay,	Inlay	or	Veneer).	Creation	of	3D	models	for	anatomy	and	biology	education[94][95]	and	cadaver	models	for	educational
neurosurgical	simulations.[96]	The	digitalisation	of	real-world	objects	is	of	vital	importance	in	various	application	domains.	This	method	is	especially	applied	in	industrial	quality	assurance	to	measure	the	geometric	dimension	accuracy.	Industrial	processes	such	as	assembly	are	complex,	highly	automated	and	typically	based	on	CAD	(computer-aided
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