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Introduction

www.industrialvision.co.uk

Choosing the most appropriate combination of 
components needed for a machine vision system 
requires expert understanding of application 
requirements and technology capabilities.  

From this perspective we have produced this 
guide to provide you with enough knowledge and 
understanding to have richer, more rewarding 
conversations with our sales and applications teams.  

This guide will help you understand the basics 
of machine vision and vision systems, including 
components, applications and return on investment for 
potential use in your business.
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What is machine vision?

Machine	vision	has	become	a	key	technology	
in	the	area	of	quality	control	and	inspection	
in	 manufacturing.	 This	 is	 due	 to	 increasing	
quality	 demands	 and	 the	 improvements	
it	 offers	 over	 and	 above	 human	 vision	 and	
manual	operation.

Comparisons with computer 
vision and image processing 
As	can	be	seen	from	the	diagram	below,	there	
is	a	great	deal	of	overlap	between	computer	
vision,	machine	vision	and	image	processing.

However	there	are	also	clear	distinctions	which	are	outlined	in	the	following	table:

Input Output

Image processing Image	 is	 processed	 using	 algorithms	 to	
correct,	edit	or	process	an	image	to	create	a	
new	better	image.

Enhanced	image	is	returned.

Computer vision Image/video	 is	 analysed	 using	 algorithms	
in	 often	 uncontrollable/unpredictable	
circumstances.

Image	understanding,	prediction	and	learning	
to	 inform	 actions	 such	 as	 segmentation,	
recognition	and	reconstruction.	

Machine vision Use	 of	 camera/video	 to	 analyse	 images	 in	
industrial	 settings	 under	 more	 predictable	
circumstances.

Image	 understanding	 &	 learning	 to	 inform	
manufacturing	processes.

Definition

It	is	the	ability	of	a	machine	to	consequentially	sense	an	
object,	capture	an	image	of	that	object	and	then	process	
and	analyse	the	information	for	decision	making.

In	 essence,	 machine	 vision	 enables	manufacturing	
equipment	 to	 ‘see’	 and	 ‘think’.	 It	 is	 an	 exciting	
field	 that	 combines	 technologies	 and	 processes	 to	
automate	 complex	 or	 mundane	 visual	 inspection	
tasks	 and	 precisely	 guide	 manufacturing	 activity.		
In	 an	 industrial	 context	 it	 is	 often	 referred	 to	 as	
‘Industrial	Vision’	or		a	‘Vision	System’.
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Human versus machine vision
Modern	 cameras	 function	 in	 a	 very	 similar	 way	
to	that	of	the	human	eye.		In	fact,	some	cameras	
record	 light	beyond	the	human	visible	spectrum	
and	can	also	significantly	increase	magnification.	
Where	 the	gaps	do	exist	 it	 is	more	 in	 the	 realms	
of	 understanding	 and	 analysis	 of	 the	 captured	
image.	For	example,	computers	still	perform	less		

well	 than	 humans	 on	 recognising	 new	 objects.	
However,	 advances	 in	 artificial	 intelligence,	 in	
particular	deep	learning,	are	enabling	computers	
to	 learn	 for	 themselves	 and	 so	 gaps	 in	 this	
area	 continue	 to	 decrease.	 Some	 of	 the	 key	
characteristics	 in	comparison	can	be	seen	 in	 the	
table	below:

Human Vision Machine Vision

Speed The	human	visual	system	can	process	10	to	
12	images	per	second.

High	speed	-	hundreds	to	thousands	of	parts	
per	minute	(PPM).

Resolution High	image	resolution. High	resolution	&	magnification.	

Interpretation Complex	 information.	 Best	 for	 qualitative	
interpretation	of	unstructured	scene.

Follows	 program	 precisely.	 Best	 for	
quantitative	 and	 numerical	 analysis	 of	 a	
structured	scene.

Light spectrum Visible	 light	 -	 Human	 eyes	 are	 sensitive	 to	
electromagnetic	 wavelengths	 ranging	 from	
380	to	740	nanometers	(nm).

Requires	 additional	 lighting	 to	 highlight	
parts	 being	 inspected	 but	 can	 record	 light	
beyond	human	visible	spectrum.	Some	ma-
chine-vision	 systems	 function	 at	 infrared	
(IR),	ultraviolet	(UV),	or	X-ray	wavelengths.

Consistency, reliability 
and safety

Impaired	 by	 boredom,	 distraction	 and	
fatigue.

Continuous	repeatable	performance	-	24/7
100%	accuracy.

As	we	can	see	in	the	table	above,	machine	vision	offers	some	real	benefits	over	human	vision	and	this	is	
what	an	increasing	number	of	industries	are	recognising	and	exploiting.
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The operational benefits of machine vision
So,	for	the	forward	thinking	companies	exploiting	this	technology,	there	are	a	number	of	
operational	benefits	of	machine	vision	including:

•	 Increased competitiveness	-	higher	productivity	and	output.

•	 Lower costs	-	Less	downtime	and	waste,	increased	speed	and	error	correction.	Automatically	
identify	and	correct	manufacturing	problems	on-line	with	machine	vision	forming	part	of	
the	factory	control	network.

•	 Improved product quality	-	100%	quality	check	for	maximum	product	quality.

•	 Improved brand reputation management	 -	 More	 stringent	 compliance	 with	 industry	
regulations	leading	to	fewer	product	recalls	and	a	reduced	number	of	complaints.			

•	 Customer complaint handling process improvements	 -	 Image	archiving	and	 recording	
throughout	the	whole	process.

•	 Increased safety	 -	 machine	 vision	 solutions	 contribute	 to	 a	 positive,	 safe	 working	
environment.

•	 Improvements to sustainable working practices	-	machine	vision	can	improve	the	use	of	
energy	and	resources,	make	material	flow	smoother,	prevent	system	jams,	reduce	defects/
waste	and	even	save	on	space.	It	can	also	help	to	enable	Just	In	Time	processes	through	
tracking	 and	 tracing	 products	 and	 components	 throughout	 the	 production	 process,	
avoiding	component	shortages,	reducing	inventory	and	shortening	delivery	time.

•	 Higher innovation	-	Releasing	staff	from	manual,	repetitive	tasks	for	higher	value	work	can	
lead	to	greater	creativity	and	problem	solving.

Limitations
Whilst	 it’s	 hopefully	 clear	 that	 there	 are	 many	
benefits	 to	 machine	 vision	 there	 are	 also	 some	
limitations.	 Machine	 vision	 systems	 are	 able	 to	
deliver	 results	 equal	 to	 and	 often	 above	 human	
performance	with	 greater	 speed,	 continuity	 and	
reliability	over	a	longer	time	period.	

However,	 we	 should	 remember	 that	 the	 way	
the	 machine	 ‘sees’	 can	 only	 be	 as	 good	 as	 the	
conditions	 and	 rules	 that	 are	 created	 to	 enable	
it	to	do	so.	In	this	respect	it	is	important	that	the	
following	basic	rules	are	observed:

•	 The	 inspection	 task	has	been	described	precisely	and	 in	detail,	 in	a	way	appropriate	 for	 the	
special	characteristics	of	machine	‘vision’.

•	 All	permissible	variants	of	test	pieces	(with	regard	to	shape,	colour,	surface	etc.)	and	all	types	of	
errors	have	been	taken	into	account.

• The	 product	 handling	 is	 controlled	 to	 ensure	 that	 placement,	 with	 regard	 to	 the	 location,	
alignment,	direction	and	angle	is	maintained	to	defined	limits,	with	respect	to	a	known	datum.

•	 The	 environmental	 conditions	 (illumination,	 image	 capturing,	 mechanics	 etc.)	 have	 been	
designed	in	such	a	way	that	the	objects	or	defects	to	be	recognized	stand	out	in	an	automatically	
identifiable	way.

•	 These	environmental	conditions	are	kept	stable.
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In	a	related	point,	machine	vision	can	be	limited	
by	 the	 relationship	between	the	amount	of	data	
required	to	help	train	it	and	the	processing	power	
needed	 to	 efficiently	 process	 the	 data.	 Deep 
learning for	example,	which	enables	machines	to	
learn	rather	than	train,	requires	a	very	large	data	
set	 to	 train	and	therefore	powerful	processing	 is	
essential.	

This	is	also	true	in	the	amount	of	data	that	machine	
vision	 systems	 produce,	 particularly	 where	 3D 
vision	 is	 used,	 as	 this	 generates	 larger	 amounts	
of	data.	As	systems	have	increased	in	resolution,	
complexity	 and	 speed	 these	 levels	 of	 data	 have	
increased.	 Fortunately,	 improvements	 in	 cloud 
computing	 and	 processor	 speeds	 provide	 a	
solution	to	this	limitation.	However,	this	can	come	
with	concerns	and	the	need	to	manage	potential	
risks	to	data	security.	

2D machine vision	is	of	limited	use	in	applications	
where	shape	or	part	volume	information	is	critical	
to	 performing	 a	 task.	 This	 is	 because	 the	 image	
acquired	 in	 2D	 imaging	 is	 essentially	 flat	 and	
provides	 no	 height	 information,	 can	 suffer	 from	
sensitivity	to	lighting	issues,	lack	of	contrast	and	
errors	 due	 to	 object	movement.	 3D	 vision	 helps	
overcome	these	issues,	but	as	previously	outlined		
does	generate	a	larger	amount	of	data.	However,	
overall,	where	 there	were	previously	 issues	with	
processing power,	 camera resolution	 and	
integration time and costs	 improvements	 in	
each	of	 these	areas	mean	that	machine	vision	 is	
now	an	increasingly	accessible	solution	for	many	
more	manufacturers	and	industries.	

So	now	we	understand	what	machine	vision	is	and	isn’t,	the	benefits	and	limitations,		
let’s	take	a	look	at	how	it	actually	works.

IVS perspective

IVS	machine	vision	solutions	combine	both	2D	and	3D	vision.	Each	application	is	
unique	and	the	ability	to	apply	the	correct	vision	set-up	based	on	the	latest	vision	
system	technology	is	critical.	Our	engineering	team	can	provide	guidance	on	the	
correct	technical	solution.
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How does machine vision work?

The	components	of	a	vision	system	include	
the	 following	 basic	 seven	 elements.	
Although	 each	 of	 these	 components	
serves	 its	own	individual	function	and	can	
be	 found	 in	 many	 other	 systems,	 when	
working	together	they	each	have	a	distinct	
role	to	play.	To	work	reliably	and	generate	
repeatable	results	it	is	important	that	these	
critical	components	interact	effectively.

1	 The	machine	 vision	 process	 starts	with	
the	part or product	being	inspected.

2	 When	 the	 part	 is	 in	 the	 correct	 place	 a	
sensor	will	trigger	the	acquisition	of	the	
digital	image.	

3	 Structured	 lighting	 is	 used	 to	 ensure	
that	 the	 image	 captured	 is	 of	 optimum	
quality.	

4	 The	optical lens	focuses	the	image	onto	
the	camera	a	sensor.	

5	 Depending	on	capabilities	this	digitizing 
sensor may	 perform	 some	 pre-
processing	 to	 ensure	 the	 correct	 image	
features	stand	out.	

6	 The	image	is	then	sent	to	the	processor	for	
analysis	against	the	set	of	pre-programmed	
rules.

7	 Communication devices	are	 then	used	
to	 report	 and	 trigger	 automatic	 events	
such	as	part	acceptance	or	rejection.

We’ll	now	take	a	look	at	each	of	the	components	in	the	illustration	in	detail.
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The product
It	 all	 starts	 with	 the	 part	 or	 product	 being	
inspected.	 This	 is	 because	 it	 is	 the	 part	 size,	
specified	tolerances	and	other	parameters	which	
will	 help	 to	 inform	 the	 required	machine	 vision	
solution.	 To	 achieve	 desired	 results	 the	 system	
will	need	to	be	designed	so	that	part	placement	
and	orientation	is	consistent	and	repeatable.

Synchronising sensor 
A	 sensor,	 which	 is	 often	 optical	 or	 magnetic,	 is	
used	to	detect	the	part	and	trigger:

•	 The	light	source	to	highlight	key	features.

•	 The	camera	to	capture	the	image.

This	part	of	 the	process	may	also	 include	what	 is	
often	referred	to	as	‘staging’.	Imagine	a	theatre	and	
this	 is	 the	 equivalent	 of	 putting	 the	 actor	 centre	
stage	in	the	best	possible	place	for	the	audience	to	
see.	Staging	is	often	mechanical	and	is	required	to:

•	 Ensure	 the	 correct	 part	 surface	 is	 facing	 the	
camera.	 This	 may	 require	 rotation	 if	 several	
surfaces	need	inspecting.

•	 Hold	 the	 part	 still	 for	 the	 moment	 that	 the	
camera	captures	the	image.

•	 Consistently	 put	 the	 part	 in	 the	 same	 place	
within	the	overall	image	‘scene’	to	make	it	easy	
for	the	processor	to	analyse.

Lighting 
Lighting	is	critical	because	it	enables	the	camera	
to	 see	 necessary	 details.	 In	 fact,	 poor	 lighting	
is	 one	 of	 the	 major	 causes	 of	 failure.	 For	 every	
application	there	are	common	lighting	goals:

•	 Maximise	feature	contrast	of	the	part	or	object	
to	be	inspected.

•	 Minimise	contrast	on	features	not	of	interest.

•	 Remove	distractions	and	variations	 to	achieve	
consistency.

In	this	respect	the	positioning and type	of	
lighting	is	key	to	maximise	contrast	of	features	
being	inspected	and	minimise	everything	else.

IVS perspective

Our	 engineering	 teams	 can	 help	 with	 all	 aspects	 of	 mechanical	 design	 and	
integration,	providing	our	customers	with	the	following	benefits:

•	 Faster	development,	based	on	over	20	years	of	extensive	machine	vision	expertise

•	 Precision	design	and	development	using	industry	standard	SolidWorks	CAD	tools

•	 Minimising	project	life-cycles

•	 Custom	built	systems	to	your	exact	quality	requirements

•	 Reducing	development	risk



www.industrialvision.co.uk The Vision to Automate 11

Front illumination	 -	 the	
light	is	positioned	on	the	
same	side	as	the	camera/
optics.

Incandescent lamps

Back illumination	 -	 	 the	
object	 being	 illuminated	
blocks	light	on	its	way	to	
the	camera.

Fluorescent lamps

Fibre Optic

Useful	 for	 inspecting	
defects	 or	 features	 on	 the	
surface	of	an	object.

White	warm	light.

Useful	 for	 highlighting	
the	 object	 silhouette,	
measuring	 outline	 shape	
and	 detecting	 presence/
absence	 of	 holes	 or	 gaps,	
as	 well	 as	 enhancing	
defects	 on	 transparent	
objects.

‘Colder’	white	light	source.	
Bright	 and	 highly	 diffuse	
but	can	be	inconsistent.

Deliver	light	from	halogen,	
tungsten-halogen	or	xenon	
source.	 Bright,	 shape-able	
&	focused.

Descriptions Characteristics Features

Continues over

Lighting position

Lighting types
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LED lights

Dome lights

Telecentric lighting

Diffused light

Direct light

By	far	the	most	commonly	used	
because:

• 	High speed

• 	Pulsing	 -	 Switched	 on	 and	 off	 in	
sequence,	only	using	when	necessary.	

•  Strobing	 -	 High	 speed	 inspection	
and	sorting	where	high	throughput	
allows	for	extremely	short	exposure	
time.

•  Flexible positioning	 into	variety	of	
shapes.	Directional	or	diffused.

•  Long lifetime

• 	Higher stable output

• 	Colours	 -	 Available	 in	 visible	 and	
non-visible.

• Designed	 to	 provide	 illumination	
coming	from	virtually	all	directions.	

• Avoid	 reflection	 and	 provide	 even	
‘cloudy	 day’	 light	 when	 inspecting	
surface	 features	 on	 an	 object	 with	
complex	curved	geometry.	

• Accurate	 edge	 detection	 and	 defect	
analysis	through	silhouette	imaging.

• Reflective	objects.

• High	accuracy	and	precise	measurement.

• Filters	create	contrast	 to	 lighten	or	
darken	object	features.	

• Avoid	 uneven	 illumination	 on	
reflective	surfaces.

• Delivers	lighting	on	the	same	optical	
path	as	the	camera.	
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Bright field light 

Dark field light

Co-axial illumination Can	additionally	be	collimated	
so	that	rays	are	parallel	to	the	
optics/camera	axis	and	is	useful	for		
achieving	high	levels	of	contrast	
when	searching	for	defects	on	
highly	reflective	surfaces.	

Bright field front lighting	 -	
Light	 reflected	 by	 the	 object	
being	 illuminated	 is	 collected	
by	 the	 optics/camera.	 Produces	
dark	 characteristics	 on	 a	 bright	
background.

Dark field front lighting	-	Reflected	
light	 is	 not	 collected	 by	 the	 optics/
camera.	 Enhances	 the	 non-
planar	 features	 of	 the	 surface	 as	
brighter	 characteristics	 on	 a	 dark	
background.

Bright field back lighting	 -	 Light	
is	 either	 stopped	 or,	 if	 the	material	
is	 transparent	 or	 opaque,	 it	 will	 be	
transmitted	through	the	surface.	

Dark field back lighting	 -	 Light	
transmitted	 by	 the	 object	 and	
scattered	 by	 non-flat	 features	 will	
be	 enhanced	 as	 bright	 on	 a	 dark	
background.	

Other	key	elements	to	consider	when	designing	lighting	for	a	machine	vision	environment	include	the	
direction,	brightness	and	colour/wavelength	compared	to	the	colour	of	the	target.

Lighting angle/direction



www.industrialvision.co.ukThe Vision to Automate14

Filters
• Create	contrast	to	lighten	or	darken	
object	features.	

• Like	 colour	 filters	 lighten	 (i.e.	 red	
light	makes	 red	 features	 brighter)	
and	opposite	colour	filters	darken	
(i.e.	red	light	makes	green	features	
darker).

• Polarisers	are	types	of	filters	used	
to	reduce	glare	or	hot	spots.	They	
enhance	contrast	so	entire	objects	
can	be	recognized.

Colour/wavelength

Of	course	the	parameters	outlined	in	the	preceding	
tables	are	used	 in	varying	combinations	and	are	
key	 to	 achieving	 the	 optimal	 lighting	 solution.	
However,	we	also	need	to	consider	the	immediate 
inspection environment.	 In	 this	 respect	 the	
choice	 of	 effective	 lighting	 solutions	 can	 be	
compromised	by	access	to	the	part	or	object	to	be	
inspected.	Ambient	lighting	such	as	factory	lights	
or	sunlight	can	also	have	a	significant	impact	on	
the	quality	and	reliability	of	inspection	and	must	
be	factored	into	the	ultimate	solution.

Finally,	the	interaction between the lighting and 
the object to be inspected	must	be	considered.	
The	 object’s	 shape,	 composition,	 geometry,	
reflectivity,	 topography	 and	 colour	 will	 all	 help	
determine	 how	 light	 is	 reflected	 to	 the	 camera	
and	the	subsequent	impact	on	image	acquisition,	
processing	and	measurement.

Due	to	the	obvious	complexities	there	is	often	no	
substitute	 other	 than	 to	 test	 various	 techniques	
and	 solutions.	 It	 is	 imperative	 to	 get	 the	 best	
lighting	solution	in	place.	

IVS perspective

Our	engineering	team	has	a	long	and	deep	understanding	of	lighting	techniques.	
By	utilising	our	experience	in	specifying	machine	vision	solutions	customers	have	
the	benefit	of	a	‘right	first	time’	approach	to	the	lighting	requirements	needed	for	
their	vision	system	application.
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Optics/lens
Alongside	 lighting	 your	 choice	 of	 optics/lens	
is	 paramount	 to	 creating	 the	 highest	 level	 of	
contrast	between	the	features	of	interest	and	the	
surrounding	background.	This	 is	 fundamental	 to	
achieving	the	greatest	possible	image	quality.

In	 this	 respect,	 the	 lens	plays	 an	 important	 role	
in	 gathering	 light	 from	 the	part	 being	 inspected	
and	projecting	an	image	onto	the	camera	sensor,	
referred	 to	 as	 primary magnification (PMAG).	
The	amount	of	light	gathered	is	controlled	by	the	
aperture,	which	is	opened	or	closed	to	allow	more	
or	less	light	into	the	lens,	and	the	exposure	time,	
which	determines	how	long	the	image	is	exposed	
onto	the	sensor.

The	 precision	 of	 the	 image	 depends	 on	 the	
relationship	 between	 the	 field of view (FOV)	
and	 working distance (WD)	 of	 the	 lens,	 and	
the	number of physical pixels in the camera’s 
sensor.

FOV	is	the	size	of	the	area	you	want	to	capture.

WD	 is	 the	 approximate	 distance	 from	 the	 front	
of	the	camera	to	the	part	being	inspected	with	a	
more	exact	definition	taking	into	account	the	lens	
structure.

The	 focal length,	 a	 common	 way	 to	 specify	
lenses,	 is	 determined	 by	 understanding	
these	 measurements	 and	 the	 camera/sensor	
specifications.

The	performance	of	a	lens	is	analysed	in	reference	
to	its	modulation transfer function (MTF)	which	
evaluates	resolution	and	contrast	performance	at	
a	variety	of	frequencies.

Types of lens
In	order	to	achieve	the	highest	resolution	from	any	
lens/sensor	combination	the	choice	of	the	former	
has	 become	 an	 increasingly	 important	 factor	 in	
machine	 vision.	 This	 is	 because	 of	 the	 trend	 to	
increasingly	 incorporate	 smaller	 pixels	 on	 larger	
sensor	sizes.	

An	 ideal	 situation	 would	 see	 the	 creation	 of	 an	
individual	 lens	working	for	each	specific	field of 
view, working distance	and	sensor	combination	
but	 this	 highly	 custom	 approach	 is	 impractical	
from	a	cost	perspective.	

As	 a	 result	 there	 are	 a	multitude	 of	 optical/lens	
configurations	 available	 with	 some	 of	 the	 key	
varieties	shown	on	the	following	pages:
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Lens types Characteristics Applications

Standard	
resolution	lenses

• Sensor	resolution	of	less	than	a	megapixel

• 	Fixed	focal	lengths	from	4.5	–	100	mm

• 	MTF	of	70	–	90	lp/mm

• 	Low	distortion	

• Most	widely	used

High	resolution	
lenses

• Focal	lengths	up	to	75	mm

• MTF	in	excess	of	120	lp/mm

• Very	low	distortion	(<0.1%)

• Cameras	with	a	small	pixel	size

• Precise	measurement	

Macro	lenses • Small	fields	of	view	approximately	equal	to	
camera’s	sensor	size

• Very	good	MTF	characteristics	
• Negligible	distortion
• Lack	flexibility	-	not	possible	to	change	aperture	
or	working	distance

• Optimised	for	‘close-up’	focusing

Large	format	
lenses

• Required	when	camera	sensor	exceeds	that	which	
can	be	accommodated	with	C-mount	lenses

• Often	modular	in	construction	including	adapters,	
helical	mounts	and	spacers

• Most	commonly	used	in	line	scan	
applications

Telecentric	
lenses

• Collimated	light	eliminates	dimensional	and	
geometric	image	variations	

• No	distortion
• Images	with	constant	magnification	and	without	
perspective	distortion	whatever	the	object	
distance

• To	enable	collimation	front	aperture	of	lens	needs	
to	be	at	least	as	large	as	the	field	of	view	meaning	
lenses	for	large	fields	of	view	are	comparatively	
expensive

• Specialist	metrology	

Liquid	lenses • Change	shape	within	milliseconds

• Enables	design	of	faster	and	more	compact	
systems	without	complex	mechanics

• MTBF	in	excess	of	1	billion	movements

• Longer	working	life	due	to	minimal	moving	parts

• Where	there	is	a	need	to	rapidly	change	
lens	focus	due	to	object	size	or	distance	
changes

360°	Lenses • View	every	surface	of	object	with	as	few	cameras	
as	possible

• Complex	image	shapes

360˚	Pericentric	
lenses

• Specific	path	of	light	rays	through	the	lens	means	
that	a	single	image	can	show	detail	from	the	top	
and	sides	of	an	object	simultaneously

• Cylindrical	objects

360˚		
Catadioptric	
lenses

• Aides	of	inspected	object	observed	over	wide	
viewing	angle,	up	to	45°	at	max.,	making	it	
possible	to	inspect	complex	geometries	under	
convenient	perspective

• Small	objects	down	to	7.5	mm	diameter
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Lens types Characteristics Applications

360˚	Hole		
inspection	optics

• A	large	viewing	angle	>82°
• Compatible	with	a	wide	range	of	object	diameters	
and	thicknesses

• Viewing	objects	containing	holes,	cavities	
and	containers

• Imaging	both	the	bottom	of	a	hole	and	its	
vertical	walls

360˚	Polyview	
lenses

• Provide	eight	different	views	of	side	and	top	
surfaces	of	object

• Enables	inspection	of	object	features	that	
would	otherwise	be	impossible	to	acquire	
with	a	single	camera

IVS perspective

You	 need	 enough	 resolution	 to	 see	 the	 defect	 or	 measure	 to	 an	 appropriate	
tolerance.	 Modern	 vision	 systems	 use	 sub-pixel	 interpolation,	 but	 nothing	 is	
better	 than	 having	whole	 pixels	 available	 for	 the	measurement	 required.	 If	 in	
doubt,	over	specify	the	camera	resolution,	most	machine	vision	systems	can	cut	
down	the	image	size	from	the	sensor	anyway.

Parameters	 such	 as	 part	 size	 and	 inspection	
tolerances	 will	 help	 inform	 the	 required	 sensor	
resolution	 and	 it’s	 very	 important	 to	 ensure	 the	
right	one	 is	 chosen	 for	 the	 required	application.	
Higher	degrees	of	accuracy	 in	measurement	will	
require	higher	levels	of	sensor	resolution.

As	outlined	previously,	a	camera’s	ability	to	capture	
a	 correctly-illuminated	 image	 of	 the	 inspected	
object	 depends	 on	 the	 direct	 relationship	
between	 the	 sensor	 and	 the	 lens.	 The	 sensors	
job	 is	 to	 convert	 light	 (photons)	 from	 the	 lens	
into	electrical	signals	(electrons).	Typically	it	will	

do	this	using	either	charge	coupled	device	(CCD)	
or	 complementary	 metal	 oxide	 semiconductor	
(CMOS)	 technology	 which	 digitize	 the	 electrons	
into	an	image	consisting	of	pixels.	The	image	can	
then	 be	 sent	 to	 the	 processor	 for	 analysis.	 Low	
light	 creates	 dark	 pixels	 and	bright	 light	 creates	
brighter	pixels.	

Depending	on	application	requirements	machine	
vision	 systems	 often	 consist	 of	 a	 number	 of	
cameras.	 These	 can	 be	 monochrome	 and/or	
colour,	and	capture,	interpret	and	signal	with	the	
control	system	to	deliver	the	required	solution.	

Cameras and sensors



www.industrialvision.co.ukThe Vision to Automate18

Line scan (1D sensors)
Line	 scan	 cameras	 collect	 single	 lines	 of	 images	
and	 are	 typically	 used	 for	 inspecting	 moving	
objects	 which	 are	 transported	 past	 the	 camera.	
They	 can	 also	 be	 useful	 for	 moving,	 very	 large	
objects	or	cylindrical	objects	which	can	be	rotated.	
Where	 colour	 information	 is	 important	 this	 can	
also	be	achieved	with	line	scan	cameras.	

Since	 the	 camera	 is	 only	 capturing	 one	 line	 it	
can	 come	 with	 certain	 limitations.	 For	 example,	
illumination	 needs	 to	 be	 extremely	 precise	 and	
because	 the	 camera	 aperture	 needs	 to	 remain	
open	 most	 of	 the	 time,	 reducing	 the	 depth	 of	
field,	 it	 can	 make	 capturing	 objects	 at	 different	
distances	more	problematic.

2D & 3D imaging
3D	machine	 vision	 helps	 to	 overcome	 complex,	
high	 accuracy,	 real-time	 challenges	 where	 the	
practical	limitations	of	2D	vision	means	it	simply	
can’t	be	used.	In	particular,	2D	Vision	is	limited	in	
applications	where:

• Shape	 information	 is	 critical	 to	 performing	 a	
task

• There	is	sensitivity	to	lighting	issues	

• It	is	difficult	to	achieve	high	contrast	levels

• Object	movement	may	impair	image	accuracy

Of	 course,	 for	 many	 simple	 applications	 these	
issues	 are	 of	 no	 consequence	 and	 therefore	 2D	
vision,	using	either	line	scan	or	area	scan	cameras,	
is	perfectly	acceptable.

Area scan (2D sensors)
In	area	scan	cameras	the	sensor	has	a	large	matrix	
of	 image	 pixels	 generating	 a	 	 two-dimensional	
image	 in	one	exposure	cycle.	Because	area	scan	
cameras	 are	 capturing	 a	 rectangular	 area	 it	 is	
typically	 easier	 to	 install	 lighting	 with	 this	 set-
up	 as	 opposed	 to	 line	 scan	 cameras.	 Area	 scan	
cameras	 also	 make	 it	 possible	 to	 take	 short	
exposure	images	using	strobe	lighting	that	brings	
a	 lot	 of	 light	 to	 the	 sensor	 in	 a	 short	 period	 of	
time.	As	such,	area	scan	cameras	are	used	in	the	
majority	of	applications	for	image	acquisition.	
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However,	 3D	 imaging	 is	 growing	 in	 importance	
within	 the	 machine	 vision	 industry.	 As	 outlined	
earlier,	although	it	requires	more	time	and	is	more	
processor	and	software	intensive,	rapid	advances	
in	 technology,	 algorithms	 and	 software	 mean	
that	 these	 systems	 are	 now	more	 than	 capable	
of	 keeping	 up	 with	 production	 line	 throughput	
requirements.	

Because	 they	 capture	 extra	 third	 dimension	
data	reliably,	3D	machine	vision	systems	are	less	
susceptible	 to	 the	 aspects	 of	 lighting,	 contrast,	
and	 distance	 to	 object	 suffered	 by	 their	 2D	
counterparts.	

As	 such,	 some	 of	 the	 key	 applications	 of	 3D	
imaging	include:

• Measurement	 of	 volume,	 height,	 thickness,	
holes,	curves	and	angles

• Robot	guidance,	bin	picking	for	placing,	packing	
or	assembly

• Quality	 control	 where	 3D	 CAD	 models	 have		
been	used

• Where	 understanding	 of	 3D	 space	 and	
dimensions	is	required

• Inspecting	low	contrast	objects

There	are	four	separate	commonly	used	methods	
for	3D	imaging:

1	 Scanning based triangulation	 describes	
the	 angular	 relationship	 between	 the	 object	
being	 scanned,	 the	 laser	 and	 the	 camera.		
The	approach	involves	the	projection	of	a	laser	
onto	 the	 surface	 of	 an	 object	 which	 is	 then	
viewed	by	the	camera	from	a	different	measured	
angle.	Any	deviations	of	the	line	represent	shape	
variations	 and	 lines	 from	 multiple	 scans	 can	
be	assembled	into	a	depth	map	or	point	cloud,	
representing	 the	 3D	 image.	 Often	 multiple	
cameras	 are	 used,	 tracking	 laser	 lines	 from	
different	angles	and	then	merging	data	sets	into	a	
single	profile.	This	helps	to	overcome	any	issues	
with	‘shadowing’	a	situation	where	a	single	laser	
line	is	blocked	from	passing	through	parts	of	an	
object,	by	other	parts	of	the	same	object.

2	 Stereo vision,	as	 the	name	suggests,	 is	based	
on	 using	 two	 cameras,	 much	 the	 same	 as	 a	
pair	 of	 human	 eyes.	 Using	 the	 triangulation	
technique	the	two	captured	2D	images	are	then	
used	to	calculate	a	3D	image.		

3	 Time of flight	 3D	 cameras	measure	 the	 time	
which	 a	 light	 pulse	 takes	 to	 reach	 the	 object	
and	 return	 for	 each	 image	 point.	 As	 a	 result	
they	have	limitations	in	respect	to	the	distance	
they	can	be	used	from	an	object	and	resolution	
meaning	 they	 are	 only	 suitable	 for	 specific	
applications.

4	 Structured light uses	sophisticated	light	
techniques	to	create	structured	patterns	that	
encodes	3D	information	directly	to	the	scene.	
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Smart cameras versus PC based systems
The	approach	and	process	we	have	been	describing	
so	far	in	this	guide	are	centred	on	PC	based		machine	
vision	systems.	At	this	point	we	should	also	consider	
what	 are	 referred	 to	 as	 smart	 cameras	 or	 smart	

sensors.	When	a	camera	combines	optics,	 lighting,	
sensor,	processor	and	communication	interfaces	it	is	
called	‘smart’	or	‘intelligent’.	Less	powerful	versions	
are	often	referred	to	as	‘smart	sensors’.

Let’s	take	a	look	at	a	comparison	between	‘Smart’	and	‘PC	based’	systems.

Vision sensors, code readers & 
smart cameras

PC based systems

Cost Few	hundred	to	several	thousand	pounds. Several	thousand	pounds	for	even	a	basic	
system.

Processing	capacity Limited	 compared	 to	 PC	 systems	 due	 to	 a	
more	compact	format.	

Separate	 central	 unit	 which	 is	 clearly	 larger	
than	 a	 smart	 camera	 and	 provides	 greater	
processing	power.

Multi-camera		
solutions

Yes,	 but	 building	 powerful,	 object-oriented	
inspection	 applications	 in	 this	 way	 is	 very	
difficult.

Suitable	 when	 faster,	 higher-resolution	 or	
multiple	cameras	are	required.

User	interface May	not	 include	and	 if	 it	does	this	will	be	very	
simple.	Can		often		only	visualize		the		inspection		
process		and		results		in		a	limited	way.

Full	Graphical	User	Interface	(GUI).

Applications Suitable	 for	 relatively	 simple	 applications,	
where:

• Several	cameras	operate	independently	and	
asynchronously

• Volume,	 pricing	 or	 reliability	 constraints	
restrict	use	of	bulkier	PC	based	systems

Full	 range	 of	 applications	 and	 the	 only	 real	
solution	when	data	and	image	documentation	
and	archiving	is	required.

Ease	of	integration Quickly	 set	 up	 even	 by	 non-professionals.	
May	 be	 attractive	 as	 a	 first	 step	 into	 image	
processing.

More	 likely	 to	 require	 the	 input	 of	 expert	
integrators.

Programmability May	have	ability	 to	program	some	tasks,	but	
configuration	 of	 inspection	 applications	 can	
usually	 not	 be	 carried	 out	 directly	 on	 the	
camera.	Often	requires	an	additional	PC	as	a	
terminal.

User	interface	has	often	been	individually	
adapted	to	requirements	so	has	greater	
flexibility.

Complexity Easier	to	operate. Can	require	greater	programming	skills.

Performance

Applications
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Processor
The	processor	is	the	‘brains’	of	the	machine	vision	
system.	It	contains	algorithms	to	review	the	image	
and	 extract	 information.	 These	 algorithms	 can	
include:

Pre-processing tasks	 to	 physically	 change	 and	
enhance	 the	 image	 itself.	 This	 could	 include	
sharpening	 image	 edges,	 increasing	 contrast,	
filling	spaces	or	replacing	pixels	to	make	it	easier	
to	extract	the	required	information.

Tools to determine the object properties	
including	 locating,	 counting,	 measuring	 and	
decoding.	 These	 are	 often	 used	 in	 sequence	
in	 relation	 to	 some	 of	 the	 key	 machine	 vision	
applications	described	later	in	this	guide.	Some	of	
the	most	frequently	used	include:	

1	 Pixel	counting	the	number	of	light	or	dark	pixels	
in	an	object.

2	 Edge	detection.	

3	 Gauging/metrology	of	object	dimensions.	

4	 Pattern	recognition	to	find,	match,	and/or	count	
specific	patterns	in	objects	that	may	be	rotated,	
partially	hidden,	or	varying	in	size.

5	 Optical	character	recognition	(OCR)	to	read	text	
such	as	serial	numbers.

6	 Barcode,	data	matrix	and	‘2	D	barcode’	reading.

7	 Blob	 detection	 and	 extraction	 where	 discrete	
blobs	of	pixels	are	used	as	reference	points	to	
filter	and	categorize	target	shapes.

8	 Colour	 analysis	 to	 identify	 items,	 parts	 and	
products,	assess	quality	and	isolate	features.

As	 outlined	 in	 the	 previous	 section,	 these	 tasks	
and	 tools	 can	 be	 part	 of	 an	 external	 PC	 based	
system	or	integral	to	a	smart	camera.

When	 selecting	 the	 appropriate	 system	 it	 is	
important	 to	 consider	 the	 processor	 power,	
speed,	 tools	 and	 algorithms	 in	 relation	 to	 the	
required	 inspection	 tasks	 and	 the	 flexibility	
that	 they	 provide.	 Another	 key	 consideration	 is	
the	 processor’s	 capability	 to	 interface	 with	 the	
communications	devices	which	we	will	 consider	
next.

IVS perspective

Whether	you	are	using	a	smart	camera	or	a	PC	based	system,	without	the	correct	
integration	 and	 set-up	of	 the	 vision	 system	at	 the	 beginning,	 your	 application	
will	never	work.	Our	engineering	team	can	recommend	the	correct	vision	system	
approach	and	configuration	for	your	application.	

IVS perspective

Use	the	correct	image	processing	for	the	inspection	needed.	Most	vision	solutions	
need	 some	 level	 of	 image	 pre-processing	 combined	 with	 segmentation	 prior	
to	the	classification	of	defects.	In	addition	you	need	the	ability	to	display	good	
graphical	data,	save	statistical	information	and	image	data	for	archiving	results.
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Communication devices
This	 step	 is	 performed	 using	 input/output	
hardware	 including	 data	 communication	 links	
such	 as	 ethernet,	USB,	Profibus,	GigE	 and	other	
devices	 including	 trigger	 inspection,	 indicator	
lights,	diverters,	actuators	and	HMI	screens.

Typically	a	combination	of	 these	devices	 is	used	
to	communicate	and	display	measurement,	code	
reading,	 counting,	 classification	 and	 character	
reading	data.	This	will	record	and	inform	pass/fail	
or	faults	and	process	control	information	such	as	
removing	defective	parts,	object	positioning	and	
orientation	through	robot	control.

Applications
Applications	 for	 machine	 vision	 vary	 widely	
between	 industries	 and	 product	 environments.	
However,	to	aid	understanding	they	can	be	broken	
down	into	the	following	five	major	categories.		

As	 outlined	 previously,	 in	 the	 section	 on	
‘processor’,	 these	 usually	 combine	 a	 number	
of	 algorithms	 and	 software	 tools	 to	 achieve	 the	
desired	result.	

IVS perspective

Production	 line	 communication	 is	 now	 a	
key	aspect	of	a	machine	vision	installation.	
Warranty	 and	 brand	 protection	 can	 be	
achieved	 by	 communicating	 results	 and	
data	 direct	 to	 SQL	 databases	 and	 factory	
information	 systems.	 IVS	 solutions	 have	
built-in	functionality	for	direct	connections.

So	now	we’ve	considered	the	different	components	of	a	machine	vision	system	and	how	they	interact,	it’s	
time	to	look	at	some	of	the	common	applications.

What can machine vision be used for?

Location, guidance and positioning

When	 combined	 with	 robotics	 machine	 vision	
offers	 powerful	 application	 options.	 Vision			
systems	can	accurately	determine	the	position	of	
parts	to	direct	robots,	find	fiducials,	align	products	
and	 provide	 positional	 feedback.	 Furthermore,	
guided	 robots	 enable	 a	 flexible	 approach	 to	
feeding	and	product	changes.	This	eliminates	the	
need	for	costly	precision	fixtures	allowing	different	
parts	to	be	processed	without	changing	tools.	

Some	typical	applications	include:

• Locating	 and	 orientation	 of	 parts	 to	 compare	
them	to	specific	tolerances.

• Finding	 or	 aligning	 parts	 so	 that	 they	 are	
positioned	 correctly	 for	 assembly	 with	 other	
components.

• Picking	and	placing	parts	from	bins.

• Packaging	parts	on	a	conveyor	belt.

• Reporting	part	positioning	to	a	robot	or	machine	
controller	to	ensure	correct	alignment.

Robot	guidance Location	and	presence	check Positional	inspection
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Recognition, identification, coding and sorting 

Using	 state-of-the-art	 neural	 network	 pattern	
recognition	 to	 recognize	 arbitrary	 patterns,	
shapes,	features	and	logos,	vision	systems	enable	
the	comparison	of	 trained	 features	and	patterns	
within	 fractions	of	 a	 second.	Geometric	 features	
are	 also	 used	 to	 find	 objects	 and	 easily	 identify	
models	that	are	translated,	rotated	and	scaled	to	
sub-pixel	accuracy.	

Typical	applications	include:

• Decoding	1D	&	2D	symbols,	codes	and	characters	
printed	on	parts,	labels,	and	packages.

• Direct	part	marking	 (DPM)	a	character,	code	or	
symbol	onto	a	part	or	packaging.

• Identifying	parts	by	locating	a	unique	pattern	or	
based	on	colour,	shape,	or	size.

• Optical	 character	 recognition	 (OCR)	 and	
optical	 character	 verification	 (OCV)	 systems	
read	alphanumeric	characters	and	confirm	the	
presence	of	a	character	string.

Gauging and measuring

Measuring	 in	machine	 vision	 is	 used	 to	 confirm	
the	 dimensional	 accuracy	 of	 components,	 parts	
and	 sub-assemblies	 automatically,	 without	 the	
need	for	manual	intervention.	A	key	benefit	with	
machine	 vision	 is	 that	 it	 is	 non-contact	 and	 so		

does	not	contaminate	or	damage	the	part	being	
inspected.	 Many	 machine	 vision	 systems	 can	
also	measure	object	features	to	micron	level	and	
therefore	 provide	 a	 non-contact	 alternative	 to	
traditional	gauging	systems.	

Code	read

Gauging

OCR	/	OCV

Metrology	checks

Pattern	checks

Measuring	offset
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IVS hints & tips

Whatever	the	application,	project	manage	the	machine	vision	installation	so	that	
samples	can	be	tested,	and	tested	again.	The	vision	system	will	need	hundreds,	
if	not	 thousands	of	 samples	 to	 run	 through	 it,	 so	 that	 the	variation	 in	product	
types	can	be	seen	and	catered	for.	Installation	will	need	to	work	around	current	
production	needs.	Planning	is	the	key	to	success	-	our	engineering	teams	can	help	
with	the	development	and	integration	of	your	machine	vision	system.

Inspection, detection and verification

Inspection	is	used	to	detect	and	verify	functional	
errors,	defects,	 contaminants	and	other	product	
irregularities.

Typical	applications	include:

• Verifying	 the	 presence/absence	 of	 parts	 or	
components.

• Counting	to	confirm	quantities.	

• Detecting	flaws.	

• Conformance	 checking	 to	 inspect	 products	 for	
completeness.	

Archiving and tracking

Finally,	 machine	 vision	 can	 play	 an	 important	
role	 in	 archiving	 images	 and	 tracking	 parts	 and	
products	through	the	whole	production	process.	
This	 can	be	particularly	 valuable	 in	 tracking	 the	
genealogy	of	parts	 in	a	 sub-assembly	 that	make	
up	 a	 finished	 product.	 Data	 recorded	 can	 be	
used	 to	 drive	 better	 customer	 support,	 improve	
production	processes	and	protect	brands	against	
costly	product	recalls.	

Presence	checks Production	verification Flaw	detection
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As	 Industry	 4.0	 concepts	 and	 automation	 become	
more	 prevalent,	 the	 applications	 detailed	 on	 the	
previous	 pages	 are	 used	 across	 an	 increasingly	 wide	
range	 of	 industries.	 As	 technologies	 improve	 this	 will	
provide	even	greater	opportunities	 for	machine	vision	
application	across	all	aspects	of	manufacturing.	

Some	 examples	 of	 uses	 across	 some	 key	 industries	
include	the	following	below:

Medical device and pharmaceutical

Industries

With	high	levels	of	competition	manufacturers	in	the	
pharmaceutical,	medical	 devices,	 wound	 care,	 bio-
technology	and	consumer	healthcare	markets	benefit	
greatly	from	the	advantages	of	machine	vision.

Other	areas	driving	industry	adoption	include	the	
requirements	to:

• Comply	with	 the	 highest	 security	 and	 hygiene	
standards	 surrounding	 the	 production	
environment.

• Produce	 packaging	 that	 needs	 to	 appeal	 to	
consumers	but	 also	 carry	 clear	descriptions	of	
ingredients	and	guidelines	for	safe	consumption.

Nearly	 every	 part	 of	 the	 pharmaceutical	
manufacturing	process	can	benefit	from	machine	
vision	applications	but	some	typical	uses	include	
device	 inspection,	 sorting,	 verifying	 codes,	
checking	labelling,	determining	package	integrity	
and	providing	product	traceability.

Validation

In	medical	device	and	pharmaceutical	production,	
vision	systems	have	to	be	“Validated”.	This	means	
they	 are	 installed	 and	 operate	 according	 to	 the	
guidelines	 and	 standards	 of	 the	 International	
Society	 of	 Pharmaceutical	 Engineering	 (ISPE)	
and	 Good	 Automated	 Manufacturing	 Practice	
(GAMP5),	 as	well	 as	an	assessment	of	 validation	
requirements	 to	 Food	 and	Drugs	 Administration	
(FDA)	for	Title	21	CFR	11/210/211.	These	are	rules	
governing	 the	 controls,	 audit	 trails,	 electronic	
signatures	and	documentation	 for	drugs	makers	
and	medical	device	manufacturers.

Continues over

IVS perspective

IVS	vision	systems	are	purposely	designed	
with	 built-in	 compliance	 for	 medical	
device	and	pharmaceutical	manufacturers,	
allowing	our	 systems	 to	be	 fully	 validated	
for	 use	 in	 these	 industries.	 We	 provide	
fully	 validated	 vision	 systems	 and	 can	
take	 care	 of	 developing	 all	 the	 required	
documentation	 for	 the	validation	purpose	
relating	to	machine	vision	installation	and	
operation.
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With	 increased	 pressure	 from	 consumers,	
supermarkets	and	government	for	‘right	first	time’	
products,	 manufacturers	 of	 snacks,	 dry	 food,	
fresh	and	 frozen	all	benefit	 from	machine	vision	
applications.	The	exceptional	speed	and	accuracy	

of	 machine	 vision	 combined	 with	 an	 ability	 to	
switch	automatically	between	different	products	
and	 processes,	 enables	 food	 manufacturers	 to	
handle	many	products	on	a	single	line.

Of	course	there	are	many	other	industries	applying	
machine	 vision	 in	 a	 variety	 of	 ways	 including	
agriculture,	 steel,	 aerospace,	 glass,	 ceramics,	
paper,	 military,	 timber,	 plastics	 and	 more.	
However,	hopefully	from	the	details	provided	you	
can	see	how	machine	vision	might	work	 in	your	
industry.

Food and packaging

Other industries

IVS perspective

Several	 studies	 indicate	 that	 humans	 are	
only	80%	accurate	in	performing	inspection	
applications.	 The	 human	 mind	 tends	 to	
wander	over	time	while	performing	tedious	
repetitive	inspection	tasks.	Machine	vision	
can	be	applied	into	a	whole	host	of	different	
industry	sectors.	Just	because	your	sector	
is	not	one	of	 those	 listed,	 it	doesn’t	mean	
that	machine	 vision	 cannot	 be	 applied	 to	
improve	your	production	quality.

Electronics / computer

In	 order	 to	 produce	 the	 highest	 quality	
products	 machine	 vision	 systems	 have	
been	 used	 to	 revolutionize	 the	 complete	
supply	 chain	 from	 electronic	 materials,	
components	 and	 passive	 components	 through	
to	 finished	 PCB	 and	 electronic	 equipment.		

As	 parts	 have	 become	 smaller,	 machine	 vision	
cameras	with	 higher	 resolution	 and	 frame	 rates	
have	 been	 able	 to	 capture	 images	 reliably	 and	
at	 higher	 speeds.	 With	 an	 emphasis	 on	 lean	
manufacturing	 and	 efficient	 use	 of	 resources	
machine	 vision	 is	 ideally	 placed	 to	 provide	
adopters	 in	 this	 industry	 with	 a	 competitive	
advantage.

Automotive
Characterised	by	mass	 production,	 strict	 quality	
standards	 and	 high	 competitive	 cost	 pressures,	
innovative	 and	 forward	 thinking	 automotive	
manufacturers	 have	 been	 the	 early	 adopters	 of	
machine	vision.	The	broad	range	of	applications	
include	every	part,	component	and	sub-assembly	

in	 automotive	 production	 lines	 –	 from	 interior	
cloth	checks	to	complete	final	car	inspection.

Developments	in	robot	guidance	and	3D	imaging,	
in	particular,	are	only	serving	to	increase	the	value	
of	machine	vision	to	the	automotive	industry.
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Industry	 4.0	 and	 the	 introduction	 of	 flexible	
manufacturing	 and	 automation	 are	 driving	
much	 of	 the	 changes	 that	 are	 currently	 taking	
place	 in	 manufacturing.	 This	 applies	 in	 all	
sectors,	 but	 it	 is	 particularly	 important	 in	 high-
specification	and	highly	regulated	industries	 like	
food	&	drink,	pharmaceutical	and	medical	device	
manufacturing.	 Some	 of	 the	 key	 trends	 include	
the	following:

3D Imaging and bin picking
New	markets	are	opening	up	with	the	advent	of	3D	
sensors	 and	 integrated	 solutions	 for	 bin	 picking.	
Random	 objects	 are	 picked	 by	 a	 robot	 gripper	
irrespective	of	the	position	and	orientation	of	the	
part.	 3D	 vision	 systems	 can	 recognise	 randomly	
placed	parts	in	large	scanning	volumes,	such	as	a	
tote	and	part	boxes.	The	picking	of	complex	objects	
in	 different	 orientations	 and	 stacks	 is	 possible	
thanks	 to	 dynamic	 robot	 handling.	 Combining	
Artificial	Intelligence	(AI)	with	bin	picking	operations	
allows	 autonomous	 part	 selection,	 increasing	
productivity	and	decreasing	cycle	times,	reducing	
the	need	for	human	interaction	in	the	process.

Cloud based machine vision
The	arrival	of	5G	data	networks	 for	autonomous	
vehicles	 provides	 the	 ability	 to	 perform	 cloud-
based	 machine	 vision	 computation.	 Massive	
Machine	 Type	 Communications	 (mMTC)	 allows	
large	amounts	of	data	to	be	processed	in	the	cloud	
for	machine	vision	applications.	

Deep learning
Deep	 learning	 combines	 the	 self	 learning	
capabilities	 of	 humans	 with	 the	 speed	 and	
consistency	of	a	computerised	system.	Over	and	
above	 traditional	 ‘rules	 based’	 machine	 vision	
systems	it	offers	the	following	benefits:

• Wider	 application	 and	 scope	 -	 where	 ‘rules	
based’	algorithms	would	be	difficult	to	develop	
and	 maintain	 ‘learning	 based’	 algorithms	
continuously	 refine	 their	 performance	 as	 they	
are	presented	with	new	images,	speech	and	text.

• Intelligent	predictions	and	decisions	-	based	on	
amazing	new	abilities	to	recognize	 images	and	

distinguish	 trends	 using	 Convolutional	 Neural	
Network	classifiers.

• Better	 interpretation	 and	 appreciation	 of	
tolerances	-	distinguishing	unacceptable	defects	
whilst	also	tolerating	natural	variations	through	
an	 ability	 to	 conceptualize	 and	 generalize	 a	
part’s	appearance.	

Robotics
Trends	 such	 as	 human	 collaborative	 robots,	
simplification	 of	 use	 and	 process	 learning	 have	
helped	 propel	 the	 use	 of	 robots	 in	 industrial	
automation.	 In	 the	 future	 industrial	 robots	 will	
be	 easier	 and	 quicker	 to	 program	 using	 intuitive	
interfaces.	 The	 human-robot	 collaboration	 will	
support	 the	 flexible	 production	 of	 highly	 complex	
items	in	lower	quantities.	With	ease-of-use	and	faster	
programming,	 the	 widespread	 use	 of	 robots	 and	
vision	systems	is	guaranteed	long	into	the	future.

Hyperspectral imaging
Next	 generation	modular	 hyperspectral	 imaging	
systems	 provide	 chemical	 material	 properties	
analysis	 in	 industrial	 environments.	 Chemical	
Colour	Imaging	visualises	the	molecular	structure	
of	materials	by	different	colouring	in	the	resulting	
images.	This	allows	the	chemical	composition	to	
be	analysed	in	standard	machine	vision	software.	
Typical	 applications	 include	 plastic	 detection	 in	
meat	production,	detection	of	different	recyclable	
materials	 and	 blister	 pill	 inspection	 quality	
control.	The	main	barrier	for	such	systems	is	the	
amount	of	data	and	speed	required	for	processing,	
but	 the	 development	 of	 faster	 processes,	 better	
algorithms	and	on	 camera	 calibration	 still	make	
this	a	hot	topic.

Thermal imaging industrial inspection
Thermal	 imaging	 cameras	 have	 traditionally	
been	used	for	defence,	security	and	public	safety	
with	 far-ranging	 uses	 of	 thermal	 images	 for	
detection.	For	many	industrial	applications,	such	
as	 the	 production	 of	 parts	 and	 components	 for	
the	 automotive	 or	 electronics	 industry,	 thermal	
data	 is	 critical.	 While	 machine	 vision	 can	 see	 a	
production	 problem,	 it	 cannot	 detect	 thermal	
irregularities.

Opportunities abound
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Thermal	 imagery	combined	with	machine	vision	
is	 a	 growing	 area,	 allowing	 manufacturers	 to	
spot	 problems	 which	 can’t	 be	 seen	 by	 the	 eye	
or	 standard	 camera	 systems.	 Thermal	 imaging	
provides	 non-contact	 precision	 temperature	
measurement	 and	 non-destructive	 testing	 –	 an	
area	 of	 machine	 vision	 and	 automation	 control	
that	is	set	to	grow.

Summary
With	the	fast	pace	of	development	in	the	machine	
vision	 industry	 opportunities	 abound	 so	 if	 you	
aren’t	using	machine	vision	yet,	perhaps	because	
you	 have	 concerns	 over	 limitations,	 then	 speak	
with	 our	 experienced	 team	 now.	 Having	 a	
conversation	costs	nothing	but	a	 little	 time,	and	
you	may	be	surprised	at	how	machine	vision	can	
adapt	to	your	requirements.

IVS perspective

As	machine	vision	becomes	more	powerful	
and	 provides	 more	 detailed	 inspection	
capability,	 using	 an	 outsourced	 partner	
such	as	 IVS	to	work	with	your	engineering	
team	 can	 leverage	 quicker	 returns	 on	
investment,	by	allowing	more	complex	and	
leaner	solutions	to	be	integrated.

Of	course,	if	you	can	see	an	opportunity	for	using	machine	vision	you’ll	want	to	understand		
the	return	you	might	get	on	your	investment.	Let’s	take	a	look	at	that	now.
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The benefits
The	 economic	 case	 for	 investing	 in	 machine	
vision	systems	is	usually	strong	due	to	the	two	key	
following	areas:

1.	Cost savings	 through	 reducing	 labour,	 re-
work/testing,	removing	more	expensive	capital	
expenditure,	material	and	packaging	costs	and	
removing	waste.	

2.	Increased productivity	 through	 process	
improvements,	 greater	 flexibility,	 increased	
volume	 of	 parts	 produced,	 less	 downtime,	
errors	and	rejections.

However,	 just	 viewing	 the	 benefits	 from	 an	
economic	perspective	does	not	do	 justice	 to	 the	
true	 value	 of	 your	 investment.	 Machine	 vision	
systems	 can	 add	 value	 in	 all	 of	 the	 additional	
following	 ways.	 Unfortunately,	 due	 to	 the	
intangible	nature	of	some	of	these	contributors	it	
can	be	difficult	to	put	an	actual	figure	on	the	value	
but	that	shouldn’t	stop	attempts	to	include	them.	

• Intellectually	

-	 By	 freeing	 staff	 from	 repetitive,	 boring	 tasks	
they	 are	 able	 to	 focus	 thinking	 in	 ways	 that	
add	more	 value	and	 contribute	 to	 increasing	
innovation.	This	is	good	for	mental	health	and	
good	for	the	business.	

-	 By	 reducing	 customer	 complaints,	 product	
recalls	and	potential	fines	machine	vision	can	
help	to	build	and	protect	your	brand	image	in	
the	minds	of	customers.

-	 Building	 a	 strong	 image	 in	 the	 minds	 of	
potential	 business	 customers	 through	
demonstrating	 adoption	 of	 the	 latest	
technology,	particularly	when	they	come	and	
visit	your	factory.	

-	 Through	 the	 collection	 of	 better	 data	 and	
improved	 tracking,	 machine	 vision	 can	 help	
you	 develop	 a	 deeper	 understanding	 of	 your	
processes.	

• Physically

-	 The	 adoption	 of	 machine	 vision	 can	 help	 to	
complement	 and	 even	 improve	 health	 and	
safety	practice.

-	 Removing	 operators	 from	 hazardous	
environments	 or	 strenuous	 activity	 reduces	
exposure	 to	 sickness,	 absence,	 healthcare	
costs	or	insurance	claims.	

• Culturally

-	 Machine	 vision	 can	 contribute	 and	
even	 accelerate	 a	 culture	 of	 continuous	
improvement	and	lean	manufacturing.	

-	 Through	 increased	 competitiveness	 and	
improving	service	levels	machine	vision	helps	
build	a	business	your	people	can	be	proud	of.	

• Environmentally

-	 Contributing	 to	 a	 positive,	 safe	 working	
environment	for	staff.

-	 Through	 better	 use	 of	 energy	 and	 resources,	
smoother	 material	 flow	 and	 reduced	 waste,	
machine	vision	systems	can	help	reduce	your	
impact	on	the	environment.

The costs
Costs	 can	 range	 from	 several	 hundred	 pounds		
for	 smart	 sensors	 and	 cameras,	 and	 up	 to	
hundreds	 of	 thousands	 of	 pounds	 for	 complex	
inspection	machines.	Of	course,	this	will	depend	
on	the	size	and	scope	of	your	operations	and	may	
be	more	or	less.	

However,	 even	 in	 the	 case	 of	 high	 levels	 of	
capital	investment	it	should	be	obvious,	from	the	
potential	 benefits	 outlined	 above,	 that	machine	
vision	 system	 can	 provide	 you	 with	 a	 tangible	
return	on	your	investment.

Assessing your return on investment
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About us

Industrial Vision Systems Ltd (IVS®)	 is	 a	major	
manufacturer	 of	 machine	 vision	 and	 artificial	
intelligence	products	whose	name	is	synonymous	
with	 innovative	 image	 processing	 systems	
for	 quality	 control,	 code	 reading,	 guiding	 and	
identification.	 By	 combining	 software	 expertise	
with	 application	 integration,	 we	 offer	 a	 unique	
service	–	that	of	vision	system	manufacturer	and	
vision	system	integrator.

Founded	in	2000,	we	have	grown	to	become	one	
of	Europe’s	leading	companies	for	the	supply	and	
support	 of	 vision	 inspection	machines,	machine	
vision	products,	special	purpose	vision	machines,	
smart	 camera	 systems	 and	 peripheral	 vision	
equipment.	 We	 export	 to	 countries	 around	 the	
world.

Our	 machine	 vision	 systems	 are	 some	 of	 the	
most	 innovative	 and	 advanced	 on	 the	 market	
today.	 They	 are	 used	 all	 over	 the	 world	 in	
automated	 production	 processes	 for	 quality	
control,	 inspection,	 guidance,	 identification,	
measurement,	 tracking	 and	 counting	 –	 in	many	
diverse	industries.

We	operate	 from	a	custom	designed	10,000	sq.	ft.	
facility	 at	 the	 prestigious	 Harwell	 Science	 and	
Innovation	Campus.	The	campus	is	one	of	the	most	
advanced	 and	 active	 innovation	 communities	
in	Europe,	 located	just	South	of	Oxford	and	only	
forty-five	minutes	from	Heathrow	Airport.

IVS	 finds	 itself	 in	 good	 company,	 located	 close	
to	 the	 European	 Space	 Agency,	 Diamond	 Light	
Source	 and	 RAL	 Space,	 the	 overall	 campus	
hosts	an	array	of	over	£1	billion	of	world	leading	
research	 infrastructure.	 At	 the	 core	 of	 Harwell	
is	 collaboration.	 Its	 occupants	 and	 visitors	
have	 access	 to	 world-class	 engineering	 and	
scientific	facilities,	 leading-edge	research	and	an	
exceptional	talent	pool.

Unparalleled expertise and experience

Thanks	 to	 our	 unparalleled	 expertise	 and	
experience	 in	 vision	 technology	 for	 automated	
quality	 control,	we	 hold	 an	 enviable	 position	 at	
the	forefront	of	machine	vision	development.

Based	on	the	very	latest	digital	camera	technology,	
our	 cost-effective,	 easy-to-set	 up	 vision	 systems	
enable	 rapid	 integration	 and	 company-wide	
standardization	 through	 seamless	 factory	
communication.

Our	 latest	generation	systems	are	based	on	high	
resolution	 digital	 camera	 technology	 combined	
with	 sub-pixel	 accuracy	 vision	 software	 for	
unparalleled	 ease	 of	 deployment	 within	 factory	
automation.

Our	 extensive	 range	 of	 vision	 products	 for	 all	
applications	is	backed	by	a	unerring	commitment	
to	 quality	 and	 adherence	 to	 Good	 Automated	
Manufacturing	 Practice	 (GAMP)	 guidelines.	
We	 operate	 a	 complete	 in-house	 mechanical,	
electrical	 and	 control	 design	 service	 providing	
customers	 with	 full	 project	 management	 and	
feedback.

We	are	a	member	of	the	British	Standards	Institute,	
CE	 Marking	 Association	 and	 the	 Processing	 &	
Packaging	Machinery	Association.	In	addition	we	
are	an	accredited	member	of	the	SafeContractor®	
scheme.

www.industrialvision.co.uk



www.industrialvision.co.uk The Vision to Automate 31

©	Copyright	2020	Industrial	Vision	Systems	Ltd.		
IVS	is	a	registered	trademark	of	Industrial	Vision	Systems	Ltd.



Industrial Vision Systems Ltd.

Genesis Building | Harwell Campus

Didcot | Oxfordshire

OX11 0SG United Kingdom

Tel : +44 (0) 1865 - 823322

sales@industrialvision.co.uk

www.industrialvision.co.uk


