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Racunalni8ki in strojni vid v robotizirani montazi

Computer and Machine Vision in Robot-based Assembly

Niko Herakovié
(Fakulteta za strojniStvo, Ljubljana)

Ob vse zahtevnefSem svetovnem trgu ponujajo robotizirani montaini sistemi dobre refitve za
racionalizacijo in vedjo prilagodljivast montaznih postopkov. V modernem postopku montaze obstaja mocno
izraZena potreba po naprednem robotiziranem prijemanju sestavnih delov in po zmoZnostih izvajanja
montazinih posegav v nestrukturivanih okoljih z nakljucno urejenimi objekti. Robotski montazni sistemi z
racunalnigkim vidom, ki so bili pomembna tema raziskav v preteklih stirih desetletjih, so dandanes dozoreli
do te mere, da so primerni za uspefno uporabo v naprednih nalogah robotizirane montaze. V tem prispevku
Je podan pregled raziskovalnega dela na podrociih avtomatiziranih montaznih sistemov s strojnim vidom.
i 2007 Strojnidki vestnik, Vse pravice pridriane.

(Kljuéne besede: robotizirana montaZa, strojni vid, robotski vid, razpoznavanje objektov)

Against the background of an increasingly demanding world marker, robotic assembly svstems offer
good prospects for the rationalisation and flexibilisation of assembly processes. In modern assembly there
is a strong need for advanced robot grasping and for the capability to perform assembly operations in non-
structured environmenis with randomly posiitoned objecis. Vision-based rabolic assembly sysiems, which
has been the tapic of continuous research interest for almost four decades, have now matured o the poini
where they can be effectively applied to advanced roboi-based assembly tasks. This paper gives an overview

af the research work related to the field of automated vision systems for assembly.
© 2007 Journal of Mechanical Engineering. All rights reserved.
(Keywords: robotiuc assembly, machine vision, robot vision, object recognition)

0UvOoD

Industrijska montaZa je del proizvodnega
postopka (sl. 1) in jo je mogofe definirati kot
urgjeno zaporedje fiziénih nalog ravnanja, v katerih
50 lofeni oz. nepovezani deli ali komponente
priblizani drug drugemu in spojeni ali sestavljeni v
specifidno celoto.

MontaZa je opravilo proizvodnega postopka,
ki je odlogilen dejavnik konkurenénosti industrije
nasploh. Na prvi pogled je presenetljivo, da se tako
pomemben izdelovalni postopek, ki lahko doseZe
do 30% izdelovalnih stroSkov konénega izdelka [1],
e vedno izvaja preteino rofno. V primerih, ko je
zahtevana visoka stopnja kakovosti izdelkov,
pomeni rofna montaZa izredno velik deleZ strodka
v izdelovalnem postopku, ker morajo biti v tem
primeru vkljudeni delavei 2 dragocenimi izkuinjami
in posebnimi znanji. Roéna montaZa zahteva tudi

B58

0 INTRODUCTION

Indusirial assembly is a part of the
production process (see Fig. 1) and can be defined
as an ordered sequence of physical handling tasks
in which discrete parts and components are brought
together and joined or mated to form a specified
configuration.

Assembly is a production-process operalion
that is a crucial factor in the competitiveness of
industry in general. It is surprising that such an
important manufacturing process, which can
represent up to 30% of the manufacturing costs of
an end product [1], is still mainly performed by
hand. However, manual assembly becomes
expensive, if high levels of quality are to be
achieved, because the procedure involves highly
skilled human workers. Also, a great deal of
verification and inspection is needed to compensate
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51 1. MontaZa kot del proizvodnega postopka [2]
Fig. 1. Assembly as part of the production process [2]

vedjo stopnjo nadzora za nadomestilo mogodih
tloveskih pomanjkljivosti oz. napak. Roéna montaZa
je pogosto tudi teZka, utrudljiva in Easovno potratna.

Zaradi teh razlogov je podjetjem, katerih
montaza temelji v glavnem na roénih montaznih
postopkih, pogosto tezko slediti zahtevam trga. Te
lekave so izrazite S poscbe) v primerih, kadar
zahteva trg izdelke, ki morajo izpolniti velike
zahteve glede kakovosti, cene in dobavnega roka.
Kljuéna beseda pri doseganju teh ciljev je nenchno
izboljfevanje izdelka in proizvodnje. MontaZa je
pogosto najiibkejii ¢len v celomem proizvodnem
postopku, predvsem zato, ker ta dejavnost zavzema
bistveni del celoinih proizvodnih strofkov in
izdelovalnega ¢asa, kar je prikazano na sliki la in
b. Glavni razlogi za to so poveCana cena dela in
razglitnost izdelkov ter zmanjSanje kolidine
posameznih izdelkov,

Ob upoitevanju vseh teh dejstev in ob
nenchnem nianju cen robotov in montaZnih
sistemov na kljud in d¢ poscbej ob upoitevanju
nenchnega  izboljfevanja  zmo#nosti  in

for potential human insufficiencies. What is more,
manual assembly is often difficult, tedious and time
consuming.

For this reason it is often difficult for
companies to follow market demands, when their
assembly is mainly based on the manual assembly
processes. This becomes even more true, as the
market requires products that satisfy high
expectations in the areas of quality, price and
delivery time. The key word in achieving this goal
is the continuous refinement of product and
production. Assembly is often the weakest point in
the whole production process, because this activity
takes up a substantial part of the total production
costs and the throughput time (Fig. 2). The main
reasons for this fact are the increasing labour costs,
the variety of products, and a reduction in the
quantity of products.

Taking into consideration all these facts,
together with the constant price reductions for
robots and overall turnkey systems in assembly and
especially with the continually improving
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uéinkovitosti robotov in strojnega vida, so
razumljivi razlogi za znatno povecanje podrodja
robotizirane montaZe v svetu v zadnjih nekaj letih
([3] in [4]). Robotizirana montaZa pa ni obetajota
le v velikoserijski proizvodnji, ampak je primerna
mnogokrat tudi v srednje in maloserijski
proizvodnji ([1] in [2]).

MontaZa, kot del proizvodnih sistemov,
obsega ravnanje s sestavnimi deli in podsklopi, ki
so bili v glavnem izdelani ob razli¢nih asih in po
mo¥nosti celo na razliénih krajih [5]. MontaZna
naloga tako izhaja iz zahtev po sestavljanju razli¢nih
delov, podsklopov in snovi, kakrina so maziva in
adhezivi, v konéne sestave vedje zahtevnosti ob
doloenih koli¢inah in znotraj doloéenih ¢asovnih
okvirov.

Tipina montaZna celica, katere natanéna
razporeditev se lahko spreminja, je obifajno
sestavljena iz raGunalnifko krmiljenith naprav
(roboti, prijemala itn.), komponent in vpenjalnih
pripomoékov, ki lahko opravijo ali podprejo
opravljanje ene ali ved naslednjih nalog [6]:

performance of robots and machine-vision systems,
it is possible to understand the reasons for the
considerable growth in the area of robot-based
assembly in the world in the past few years ([3]
and [4]). Robotic assembly also offers good
prospects for small and medium-sized batch
production ([1] and [2]).

Assembly, as a part of production systems,
involves the handling of parts and subassemblics,
which have mostly been manufactured at different
times and possibly even in separate locations [5].
Assembly tasks thus result from the requirement Lo
join certain individual parts, sub-assemblies and
substances such as lubricants and adhesives into
final assemblies of higher complexity in a given
quantity and within a given time period.

A typical assembly cell, the exact
configuration of which may vary, will be made up
of computer-controlled devices (robots, grippers,
etc.), components, and fixtures that can functionally
accomplish or support one or all of the following
tasks [6]:

Bo0 Herakovie N,
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- prijemanje organiziranih/nakljutno razmeiéenih
ciljnih delov s traku ali zaboja,

- ravnanje in name&¢anje/sestavljanje delov,

- razpoznavanje delov in predmetov pred, med
montaZo in po montaF,

- preveranje kakovosti in nadzor,

- naériovanje in nadzor proZil in prijemal za
izvajanje fiziéne montade,

Industrijski roboti lahko dandanes izvajajo
montaZne in strezne naloge z velikimi hitrostmi in
natanénostjo. Kljub temu imajo roboti v primerjavi
s ¢lovekom slabse zmoZnosti futnega zaznavanja
in zato potrebujejo napredne fuine zmoZnosti za
izvajanje zahtevnej$ih nalog v nestrukturiranem
okolju ([7] in [8]). V postopku montaZe se od
ratunalnitkega wvida v glavnem zahteva
pridobivanje podatkov za uporabljene robotske
sisteme, da bi lahko le-ti zanesljivo prijemali
predmete in izvajali montaine naloge. Uporaba
sistema vida pri montaZi vetinoma vkljuduje
razliéne izzive, ¢ posebej na podroéju pridobivanja
podatkov, spremembe koordinat, nespremenljivega
razpoznavanja predmetov s sistemi vida, kakor tudi
za razpored in vkljuditev sistema vida v robotsko
okolje.

1 RACUNALNISKI IN STROJNI VID

Strojni vid pomeni zaznavanje podatkov
vida in njihovo razlago z uporabo raunalnika in
pomeni zaradi tega vsestransko robotsko
zaznavalo., Obstajajo naraiéajole zahteve po
zahtevnejiih in hitrej$ih zmo¥nostih obdelovanja
slik za uspeinejie uvajanje sistemov vida v
napredne industrijske uporabe, npr. napredna
avtomatizacija montaZe.

Strojni oz. robotski vid je uporaba
rafunalnifkega vida v industriji in proizvodnji, v
glavnem v robotskih uporabah. Mediem ko je
rafunalniiki vid v glavnem osredotoden na strojno
obdelovanje slike, zahteva strojni vid Se dodatno
opremo, predvsem digitalne vhodno/izhodne
naprave in ratunalnifko omreZje za krmiljenje
druge proizvodne opreme in pripomodkov, npr.
robotskih rok [9]. Specifiéne prednosti sistemov
strojnega vida vkljufujejo natanénost, doslednost,
strodkovno udinkovitost in prilagodljivost.

[zhajajoé iz prvotnega namena je
ratunalniiki vid del raziskovalne panoge,
imenovane umetna inteligenca. Mnoge metode, npr.
nevronske mre#e in strojno uéenje, ki so bile razvite

- the grasping of an organized/randomly
positioned target part from a belt or a bin,
- the manipulation and placement/assembly of parts,
- the recognition of parts and objects before,
during and after assembly,
- the quality control and inspection,
- the planning and control of the actuators and
grippers that carry out the physical assembly.
Industrial robots can nowadays perform
assembly and material handling jobs with very high
speed and impressively high precision. However,
compared to human operators, robots ane hampered
by their lack of sensory perception and their need for
advanced sensorial capabilities in order to carmy owt
more sophisticated tasks in a non-structured
environment {[7] and [8]). In assembly processes,
computer vision is often required to provide data to
the applied robot systems in order to allow the reliable
grasping of objects and the performing of assembly
tasks. Using a vision system for the assembly often
involves several challenges, especially in the areas of
data acquisition, coordinate transformation, invanant
object recognition with vision systems as well as for
the configuration and integration of vision systems
into the robot environment,

1 COMPUTER AND MACHINE VISION

Machine vision is concerned with the
sensing of vision data and its interpretation by a
computer and thus serves as a versatile robotic
sensor. There is a growing demand requiring more
complex and faster image-processing capabilitics
in order to allow the implementation of vision
systems into sophisticated industrial applications,
like advanced assembly automation.

Machine or robot vision is the application
of computer vision to industry and
manufacturing, mainly in robots. As computer
vision is mainly focused on machine-based image
processing, machine vision most often also
requires digital input/output devices and
computer networks to control other
manufacturing equipment, such as robotic arms
[9]. The specific advantages of machine-vision
systems include precision, consistency, cost
effectiveness and flexibility.

Because of its primary mission, computer
vision is a part of a research discipline called
artificial intelligence. Many methods, like neural
networks and machine learning, developed in the
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na podrodju umetne inteligence, so uporabljene v
rafunalnikem vidu. Raunalniski vid je povezan
tudi z drugimi raziskovalnimi panogami, npr. z
nevropsihologijo, psihofiziko, fiziko, radunalnidko
grafiko, digitalnim obdelovanjem signalov im. [10].

Vsekakor je bilo na tem podrodju
opravljenega veliko raziskovalnega dela. V mnogih
primerih s podro&ja montaZnih postopkov, %e
posebej pri pobiranju delov iz zabojev, mora robot
zaznavati 3-D prostor v svojem delovnem okolju,
da lahko deluje udinkovito. Pridobivanje 3-D
podatkov in opisovanje 3-D prostora je zahtevna
naloga in fe vedno ostaja predmet osnovnih
raziskav., Nekatere raziskave ([11] do [13])
obravnavajo umetne sisteme vida, ki temeljijo na
nevronski morfologiji biolotkega Cloveskega
sistema vida s ciljem razvili ratunalnifke nevronske
scstave in umelne sisteme vida z uporabo
nevronskih vzorcev, matemati¢nih modelov in
ratunskih zgradhb.

Osnovne sestavine rafunalnifkega sistema
vida so prikazane na sliki 3. Pojav oz. videz 3-D
slike je odvisen v glavnem od osvetlitve, lege in
usmeritve zaznavala vida.

WV sistemu strojnega vida je vkljucenih veliko
razlitnih komponent. Sam nadrt sistema je odvisen
v glavnem od razliénih dejavnikov, kakor so akolje,
namen uporabe in pa seveda razpolofljiva denarna
sredstva. Kljub temu imajo vsi sistemi strojnega vida
mnoge skupne komponente. Tipicni sistem strojnega
vida za naloge sestavljanja oz. montaZe sestoji iz ved
nasledn_nh deleZev ([9], [14] do [16]):

ena ali ved digitalnih ali analognih kamer (¢mo-
bele ali barvne) s primemo optiko za zbiranje
slik;
- vmesnik kamere za digitalizacijo slik (VDS - FG);
- procesor {pogosto OR ali vgrajen procesor, npr.
DSP) - ko so procesori in VDS vegrajeni v samo

odvetliney
hurinats

field of artificial intelligence, are used in computer

vision. Computer vision is also linked with other

research disciplines like neurophysiology,
psychophysics, physics, computer graphics, digital

signal processing ete. [10].

Nevertheless, there ar¢ many research
activities in this direction. In many cases in the area
of assembly processes, especially in bin picking, a
robot must perceive its 3-D environment to be
effective. Jet recovering 3-D information and
describing it still remains the subject of fundamental
research. Some research works ([11] to [13]) deal
with artificial vision systems based on the neural
morphology of the biological human vision system,
aiming to design computational neural structures
and artificial vision systems following neural
paradigms, mathematical models and
computational architectures (Neuro-Vision
Systems).

The basic componenits of a computer-vision
system are presented in Fig, 3. The appearance of
the 3-D scene depends mostly on the illumination,
the position and the direction of the vision sensor.

In a machine-vision system, a variety of
components are included. The system’s layout
mainly depends on factors like the environment,
the application and the budget. Nevertheless, there
are several common ingredients to all vision
systems. A typical machine-vision system for
assembly tasks consists of several of the following
components ([9], [14] to [16]):

- (One or more digital or analog cameras (black-
and-white or colour) with suitable optics for
acquiring images,

- A camera interface for digitizing images (frame
grabber),

- A processor (often a PC or embedded processor,
such as a DSP) — when processors and frame

s0ena
FOCTH picture
I
]
1
1

uporsba |
application

S1. 3. Sestava tipidnega rafunalnifkega sistema vida [10]
Fig. 3. Structure of a typical computer-vision system [10]
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kamero, se takina kamera imenuje »pametna
kamera«;

- vhodno/izhodna  sirojna
komunikacijske povezave;

- optika — lede za izostritev Zelenega vidnega
polja na zaznavalo za zbiranje slike;

- vir svetlobe (svetlete diode, fluorescentne ali
halogenske ludi itd.);

- programska oprema za obdelavo slik in iskanje
ustreznih znadilnosti;

- zaznavalo za sinhroniziranje za iskanje delov,
da b1 bilo mogoée sprokiti snemanje slike in
obdelavo podatkov;

- prozila za sortiranje oz. izmet prepoznanih delov.

Najpogosteje uporabljena zaznavala vida v
robotizirano podprti montaZi so dandanes émo-bele
(ali barvne, za nekatere uporabe) kamere CCD., 2-
D stroji vid sestoji iz obi¢ajnih kamer CCD za
zaznavo slik, v okviru robota pa je izvedena
obdelava in prinesene odloditve, kako je treba
ravnati s sestavnimi deli za montaZo. Tak3ni sistemi
50 primemi za ravnanje z deli, ki leXjo plosko na
prenosnem traku ali v zaboju z logevalnimi
ponjavami,

Za tiste dele, ki leFijo neurejeno drug lez
drugega ali pa zdrsnejo ob stran, ko se deli zataknejo
oz, ko so deli razporejeni nakljuéno v prenosnem
zaboju, mora strojni vid znati oceniti globino, Za oceno
globine so najpogosteje uporabljeni stereosistemi
strojnega vida. Za takine uporabe je nujno treba
uporabiti 3-D strojni vid, da bi dobili 3-D obseg slike
in usmeritev v 3-D prostoru. Takéno 3-D informacijo
lahko zagotovijo razliéna laserska zaznavala v
sodelovanju z 2-D kamerami, zaznavali s strukturirano
svetlobo in stereokamere, skupaj z razlidnimi algoritmi
{[17] do [19]). Vendar kljub temu, da ti sistemi dobro
delujejo, lahko posredujejo stereosistemi strojnega
vida nenatanéno oceno globine, posebej 5e v pnmerih
ko opazovana slika ne vsebuje izrazitth strukiur oz.
tekstur ali v primerih s predibko osvetlitvijo opazovane
scene. V glavnem pa so stereosistemi vida omejeni 2
osnovno razdaljo med dvema kamerama, katerih
ocena globine je tembolj nenatanéna, kolikor vedja je
razdalja med njima.

Razliéne raziskave obravnavajo problem
ocene globine z uporabo enookih vidnih znatilnic,
kakor so spremembe teksture in gradientov,
razostritev, barva itn. Z upoftevanjem uénega
algoritma nakljuénega polja po Markovu za
zajemanije oz. razpoznavanje nekaterih teh enookih
znadilnic in z njihovim vkljuéevanjem v sistem

oprema oz,

grabbers are integrated into the camera itself,
such cameras are called “smart cameras”,

- Input/Output hardware or communication
links,

- Optics - lenses to focus the desired field of view
onto the image sensor,

- Light source (LED, fluorescent or halogen
lamps ete.),

= A program to process the images and detect the
relevant features,

= A synchronizing sensor for part detection to
trigger image acquisition and processing,

- Actuators to sort or reject the processed parts.

The most commonly used vision sensors
in robot-based assembly are nowadays black-and-
white (or colour for some applications) CCD
(charge-coupled device) cameras. 2D-vision
systems consist of standard industrial CCD
cameras used to take images that are processed
by the robot to make decisions on how parts should
be handled. Such systems are appropriate for parts,
which are laying flat on a belt or in a bin with
separator sheets.

For parts that can stack upon each other
or that can shift from side to side as the parts
stack up or when parts are oriented randomly in
a hin, a depth estimation for a vision system is
necessary, Stereo vision systems are normally
used for depth estimation. For such applications
3-D vision systems have to be applied o get a
range image and the orientation of a part in 3D-
space. Different laser sensors in conjunction with
2-D cameras, sensors with structured light and
stereo cameras, together with different algorithms,
can provide 3-D information ([17] to [19]). Even
though these systems work well, stereo vision
systems can provide inaccurate depth estimations,
especially in cases with textureless regions of
images or in situations with insufficient
illumination of the scene. Most of all, stereo vision
is fundamentally limited by the baseline distance
between the two cameras, which tends to provide
inaccurate depth estimations, as the distances
considered get larger.

Different research approaches address the
depth-estimation problem by using monocular
visual cues, such as texture variations and gradients,
defocus, colour, etc. By applying a Markov Random
Field leaming algorithm to capture some of these
monocular cues and by incorporating them into a
stereo vision system, a significantly better accuracy
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stereovida oz. kombiniranjem s stereovidom, je
doseZena bistveno bolj$a natanénost in ocena
globine kot z uporabo le enookih ali stereoznadilnic
posamiéno ([20] in [217).

Mekateri drugi prispevki obravnavajo 3-D
vid in oceno lege predmeta v okolju robotizirane
montaZe. Postopek, ki ga obravnava L. P. Ray [22]
na oceni trirazseZne lege in usmeritve predmetov s
pomoéjo ene ali ve€ enookih slik s predpogojem,
da so identitete predmetov znane in da so na voljo
trirazseZni  geometrijski modeli. Glavna
pomanijkljivost teh refitev je dejstvo, da ni mogode
dosedi delovanja v dejanskem &asu, ki je potrebno
v mnogih montaZznih opravilih, Reditev tega
problema je predlagal Winkler [23]. V tej raziskavi
je prikazana reditev tega problema z uporabo
strategije skupin znaéilnosti za oceno lege 3-D
predmetov v dejanskem Easu iz 2-D pogleda na
predmet. Predlagana metoda temelji na nevronskih
mreZah in sistematiénem uéenju Kohonenove
samoorganizacijske skupine znadilnosti predmeta
in s tem izpolnjuje natanénostne zahteve ocene lege
predmeta v ved ko 90% vseh preulenih primerov.

Z namenom doseéi ekonomsko upraviden in
prilagodljivi avtomatski montazni sistem z robotom
SCARA, ki bo deloval v nakljuénem, neurejenem
okolju, so bile izvedene nckatere raziskave, ki
predlagajo uporabo preprostih 2-D kamer CCD v
povezavi z dodatnimi zaznavali sile in vgrajenimi
prestrojljivimi logi¢no mehkimi krmilniki [24).
Eksperimentalni rezultati potrjujejo zadovoljivo
raven delovanja krmiljenega robota za izvedbo
preizkusnih montaZnih nalog.

Prispevek Sharsteina in Szelinskega [25]
podaja zelo dober pregled sistemov s stereovidom
in algoritmov, ki so jih razvili in predlagali razli¢ni
raziskovalei v preteklih desetletjih, V svojih
raziskovalnih delih aviorji predstavljajo taksonomijo
strnjenih dvosisternskih stereometod, primerjajo
znane stercometode in predstavljajo preizkuse, ki
vrednotijo delovanje in uéinek mnogih razlidic.

V robotizirani montazi imajo zaznavala vida
drugaéno vlogo kakor npr. pri premiénih robotih,
pri katerih je njihova glavna naloga raziskovanje
oz. odkrivanje okolja. Robotizirana montaZna celica
predstavlja razmeroma dobro organizirano okolje
in je prej del vgrajenega proizvodnega postopka
kakor pa izolirana enota. To dejstvo olajiuje
nekatere bistvene zahteve za uéinkovito
robotizirano montaZo. Posebej prihaja to do izraza
pri uporabah, kjer se je treba izogibati dragim in

in the depth estimation is obtained than is possible
by using either monocular or stereo cues on their
own ([20] and [21]).

Some other papers treat monocular 3-D
vision and the object-pose estimation in a robot
assembly environment. The approach described by
L. P. Ray [22] is based on the estimation of the three-
dimensional position and orientation of objects from
one or more monocular images with the prerequisite
that the identities of the objects are known and that
the three dimensional geometrical models are
available. The main weakness of these solutions is
the fact that they fail to achieve the real-time
performance necessary in many assembly
applications. A solution to this problem is proposed
by [23]. In this research approach a feature-map
strategy for the real-time 3-D object pose estimation
from individual 2-D perspective views is presented.
Based on a neural network and the systematic
training of Kohonen's self-organizing feature map,
the method satisfies the accuracy requirements of
the object-pose estimation in more than 90% of all
the considered cases.

With the intention of achieving an economic
and flexible automatic assembly system working
with a SCARA-robot, operating in a random
environment, some rescarch activities present the
use of simple 2-D CCD cameras in conjunction with
additional force sensors and embedded fuzzy
sliding-mode controllers [24]. The experimental
results prove that the robotic motion-control
performance is good enough to execute the
investigated assembly tasks.

The paper of Sharstein and Szelinski [25]
offers a very good overview of stereo-vision
systems and algorithms, developed by different
researchers over the past few decades. In their work
the authors present the taxonomy of dense, two-
frame stereo methods, compare existing stereo
methods and present experiments evaluating the
performance of many different variants.

In robotic assembly, vision sensors have a
different role than, for example, in mobile robots,
where the tasks usually involve exploration of the
environment. A robotic assembly cell represenis a
relatively well-ordered environment and is part of
an integrated manufacturing process, rather than
operating in isolation. This facilitates the fulfilment
of some of the major requirements for effective
robot assembly. This is especially helpful for
applications where expensive and complex
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zapletenim sistemom strojnega vida, Uporaba teh
sistemov v robotiziranih montaZnih sistemih je lahko
poenostavljena v primerih, ko so izdelki in
komponente oblikovani za robotizirano montazo in
v primerih, ko prihajajo izdelki v sistem z razmeroma
natanéno definirano lego in usmeritvijo [26].

Rahlo nesimetriten vijatni del (sl. 4) v
roénem dodajanju in vstavljanju (montai) ne bi
pomenil vedjih teZav, medtem ko bi bil potreben v
avtomatizirani stregi in montaZi za isti del drag
sistem strojnega vida, da bi lahko prepoznal
usmeritev izdelka. Dejansko je mogole redi, da je
ena od mogotih koristi uvajanja avtomatizacije v
montaZo izdelka prisila v ponovno vrednotenje in
sprememba oblike oz, konstrukeije izdelka, kar ima
lahko za posledico ne samo preprostejSega
prepoznavanja izdelka, ampak tudi druge
strodkovne prihranke ali izboljdave kakovosti (npr.
Foka-Yoke oblikovanje).

Glavna vloga zaznaval vida v robotizirani
montaZzni celici je primerjava stvarnosti s
pritakovanji in ovrednotenje odstopanj. Pravzaprav
to pomeni zaznavanje prisotnosti oz, odsotnosti
pravilnih delov in merjenje za zagotovitey toleranc
in polozajnih napak pri iskanju komponent med
posameznimi fazami montaze,

Po eni strani 50 #¢ dandanes uspedno izvedene
mnoge industrijske uporabe 2 rafunalnifkim vidom
in roboti, posebej v robotiziranih montadnih celicah.
Vendar imajo v teh uporabah izdelki oz. predmeti
preprosto (20) obliko infali so organizirani na
strukturiran nadin. Po drugi strani pa Se vedno ostaja
problem pobiranja iz zaboja, pri katerem imajo
predmeti 3-D obliko in so v zabojih nakljuéno
organizirani. Kljub mnogim raziskavam, ki so in 3¢
potekajo na tem podrodju ter ponujajo posebne
reSitve in izboljave za premagovanje problema
pobiranja ([19], [27] do [29]), ostaja ta najstarcjSi
izziv v robotiki %e vedno nereden,

Asimetrico - tebiva pri cameritv

machine-vision systems should be avoided. The
application of vision systems in robot-based
assembly systems can be simplified, when products
and components are designed for a robot-based
assembly, and if pars are fed 1o the system with a
relatively accurate position and orientation [26].

A slightly asymmetrical screwed part (see
Fig. 4) would not present significant problems in
manual handling and insertion, whereas for
automatic handling, an expensive vision system
would be needed to recognize its orientation. In fact,
it can be said that one of the possible benefits of
introducing automation in the assembly of a product
is that it forces a reconsideration of its design, which
might not only facilitate the recognition of the part,
but might also be used to implement other cost-
saving or quality-related improvements (e.g., the
Poka-Yoke design).

The major role of vision sensors in a robot
assembly cell is to compare reality with
expectations and to evaluate the discrepancies.
Essentially, this means detecting the presence or
absence of correct parts and measuring to allow for
the detection of component tolerances and ¢
positioning errors during the relevant stages of
assembly,

On one hand, many industrial assembly
applications are successfully being handled
nowadays using computer vision and robots,
especially in robot-based assembly cells. However,
for these applications objects have a simple (2D)
shape and/or are organized in a structured manner.
On the other hand, a general so-called “bin picking”,
where the objects have a 3-D shape and are
randomly organized in a box, still remains a
problem. Despite much research that offers special
solutions and improvements in overcoming the bin-
picking problem ([19]. [27] do [29]), the oldest
challenge in robotics still remains unsolved.

Simetnifno - nd wekay pri wuameniivi

Azymmetrical - difficult to onient Symmetrical - casy b oriend

S1. 4. Sprememba konstrukcije za poenostavitev aviomaiskega dodajanja in usmeritve [26]
Fig. 4. Design change to simplify automatic feeding and orientation [26]
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2 PREPOZNAVANIE PREDMETOV

V robotizirani montaZi te3i prepoznavni sistem

strojnega vida k posnemanju ¢lovekovega utila vida

in mora biti zmoZen zaznavati in prepoznavati
montaine dele tako dobro, kakor to poénejo ljudje.

Trirazseimo prepoznavanje predmetov zahteva 3-D

predstavo predmeta, razpoznavo predmeta iz njegove

slike, oceno njegovega lege in usmeritve ter zapis
razliénih veékratnih pogledov na predmet za
avtomatsko ustvarjanje oz. izgradnjo modela.

Pomembne stopnje v oblikovanju in razvoju sistema

prepoznavanja so prikazane na sliki 5.

Tipi¢en postopek pri refevanju nalog
prepoznavanja predmeta z uporabo obiéajne
obdelave slike in metod rat¢unalniskega vida
obitajno obsega pet korakov ([27], [30] do [33]):
- Iskanje oz. predobdelava - je obdelava signalov

na nizki stopmji, ki izlud&i informacijo iz slike
in jo predstavi v neki obliki preprostih simbolov
([34] do [38]).

- Raavrstanje oz scgmentiranje — temelji na preprostih
simbolih nizke stopnje. Preproste znaéilnosti
predmeta so zdnekene v vigjo stopnjo maciinost,
ki podajo ve¢ informacij za izbiro in preverjanje
ujemanja v naslednjih korakih ([39] do [41]).

- Indeksiranje oz. izvletek znatilnosti — izbiranje
iz stabilnih znacilnost predmeta oz, modela iz
knjiznice modelov in iskanje nacina hitre
primerjave nabora zna¢ilnosti z izbranim
modelom, da se izognemo iskanju skozi vse
modele. Kriti¢na komponenta pri tem je
stabilen, reprezentativen sistem izloditve
znadilnosti predmeta, ki mora biti razvit v fazi
izloditve znadilnosti, da bi omogodil izloditev
klju¢énih znadilnosti za specifitno problemsko

2 OBJECT RECOGNITION

In robot assembly, a vision-recognition
system aims to mimic the human sense of vision
and must be capable of perceiving and detecting
assembly parts as well as the humans can. Three-
dimensional object recognition entails a
representation of a 3-D object, an identification of
the object from its image, an estimation of its
position and orientation, and the registration of
multiple views of the object for automatic model
construction. The important stages in the design and
development of a recognition system are presented
in Fig 5.

A typical approach for handling the object-
recognition tasks using traditional image processing
and computer-vision methods usually consists of
five steps ([27], [30] to [33]):

- Detection or pre-processing — is the low-level
signal processing that extracts the information
from the scene and represents it as some form
of primitive symbols ([34] do [38]).

- Grouping or segmentation — is based on the low-
level symbaols, the primitive features are
grouped into higher-order features, which give
more information for the selection and matching
in the next steps ([39] do [41]).

- Indexing or feature extraction — selecting from
the stable object features the most likely model
from a library of models (model base) and
finding a way of quickly comparing a set of
features with a model, avoiding a search through
all the models. As a critical component, a stable,
representative feature-extraction system should
be developed to extract the key features for a
specific problem domain in the feature-

Sl. 5. Kljuéne komponente sistema za 3-D prepoznavanje objektov {30]
Fig. 5. Key components of a 3-D object recognition system [30]
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podrofje. Rezultat izlofanja znadilnosti je

obi¢ajne znatilnostni vektor [27). Za

predstavitev predmeta je obifajno uporabljena

ena od naslednjih dveh metod:

o postopek, ki temelji na pojavu — uporabljena
je informacija o pojavu predmeta ([31] in

[40)),

© metoda, ki temelji na modelu — uporabljena
je informacija o geometri¢nih znaéilnostih,

tipu in prostorskih povezavah ([34] in [39]).
- Ujemanje oz. klasifikacija - iskanje najboljiega

wjemnanja med mmadilnostmi slike oz predmeta in
enadilnostmi modela in resitev problema lokaliziranja
predmeta. V tej fazi uporabi sitem razvrianja
identificirane kljutne znacilnosti predmeta za
razlikovanje skupin predmetov, ki so predmet
zanimanja. Algoritmi oz. metode za te faze so na
splodno odvisni od podrodja opazovania, $e posche;
v primenih, ko je uporabliena klasiéna obdelava slike
in tehnike radunalnitkega vida. Razlini primeri za
udenje, npr. nevronske mrede ali postopkd 2 genetskim
programiranjem, s0 obifajno uporabljeni v fazi
wemanja oz klasifikacije [27].

Preizkufanje — potrditev ocenjenega prepornavania
in lokalizacija objekta ([27] in [36]).

¥V pomoé nalogam prepoznavanja in
lokalizacije predmeta so na voljo opisi vsakega
predmeta, ki ga je treba prepoznati in jih lahko
ratunalnik uporabi. Opisi predmeta lahko temeljijo
na pojavu predmeta ali na modelu ali pa so
kombinacija obeh postopkov.

Glede na razseinost prostorskega opisa
predmeta, obstajajo razli¢ni tipi prepoznavanja
pwhlmm [42]:

prepc—zmvanje 2-D predmeta iz posamezne 2-
D slike,

prepoznavanje 3-D predmeta iz posamezne 2-

D slike,

prepoznavanje 3-D predmeta iz posamezne 3-

D slike (globinski podatki),

prepoznavanje 2-D ali 3-D predmeta @z ved 2-D slik

istega objekta, posnetih iz razlitnih todk pogleda.

V preteklih desetletjih je bil doseZen velik
napredek na podrodju raziskav prepoznavanja 2-D
predmetov iz posameznih 2-D slik in prepoznavanja
3.D predmetov iz globinskih podatkov. Precejien
napredek je bil doseden tudi pri prepoznavanju 2-D in
3-D predmetov z uporabo kombinacije ved 2-D slik
istega predmeta, kar zagotavlja npr. stereo ali dvooki
(binokulami) vid. Kljub nekaterim dobrim raziskovalnim
rezultatom ostaja podrofje prepoznavanja predmetov

Racunalniiki in strajni vid v reborizirani montaZi

extraction stage. The result of feature extraction

i5 normally a feature vector [27]. There is

usually one of two methods of representation
applied:

o appearance-based approach — information
about the appearance of the object is used
([31] in [40]),

o model-based methods - information about
geometrical features, type and spatial
relations of the object is used ([34] and
[39]),

= Matching or classification - finding the best
fitting between the scene features and the model
features and solving the localization problem,

In this stage, a classifier system uses extracted

key features to distinguish the classes of the

objects of interest. The algorithms or methods
for these stages are generally domain dependent,
particularly when using traditional image
processing and computer-vision techniques.

Learning paradigms such as neural networks or

genetic programming approaches have usually

been applied to the matching or classification

stage [27],

- Verification — verifying the estimated identity

and location of an object ([27] and [36]).

To facilitate the task of identification and
localization, a description of each object o be
recognized is available to the computer and can
be used. These descriptions can either be model-
based or appearance-based, or a combination of
both.

Based on the dimensionality of their spatial
description, various types of object-recognition
pmblems can be stated [42]):

recognition of a 2-D object from a single 2-D

image,

- recognition of a 3-D object from a single 2-D
image,

- recognition of a 3-D object from a single 3-D
image (a range map),

- recognition of a 2-D or 3-D object from multiple

2-D images taken from different viewpoints, etc.
In recent decades much progress has

been made in the research of recognizing 2-D
objects in single 2-D images and in recognizing
3-D objects in range maps. Considerable
progress has also been made in the recognition
of 2-D or 3-D objects using multiple 2-D
images, as in binocular or stereo vision.
However, today object recognition remains
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8¢ vedno v veliki meri nereden problem in zato 3¢ vedno
zelo dejavno podrodje mziskovanja,

Podatki sestavnih delov za montaZo so
obiéajno pridobljeni s kamero CCD, ki zagotavlja
podatke o intenziteti predmeta, ali pa z laserskim
snemanjem, ki zagotavija globinske podatke. Iz teh
podatkov je treba najprej izluséin maéilnosti predmeta
za njegovo prepoznavo, ki vscbuje preverjanje
ujemanja znacilnosti slike s pomoljo globinskih ali
intenzitetnih podatkov s predhodno #nano predstavo
predmeta, ki izhaja iz znanega modela predmeta,

Mekatere znailnosti, npr. ukrivljenosti, so
neodvisne od tocke pogleda na predmet. Po pregledu
posameznih znakov ukrivljenosti predmeta 2 uporabo
razli¢nih postopkov, je mogode definirati lokalna
povriinska podrogja, ki spadajo v skupino osem
osnovnih prvobitnih tipov: vrh, jama, greben, dolina,
sedlast greben, sedlasta dolina, najmanj$a nagnjenost
in ravnina. Za dologitev oz. prepoznavanje teh
ukrivljenosti predmeta so bili predlagani razliéni
algoritmi ([43] do [45]). Tezava, ki se pojavi pri teh
postopkih je dejstvo, da so ugotovljene oz. prepoznane
ukrivljenosti predmeta moéno odvisne od izbranih
izhodis® in zaporedja povezav med robovi. Nekateri
drugi postopki [46] zato predlagajo dinamiéno
programiranje in bolj prilagodljivo oceno
ukrivljenosti, da bi se izognili prej omenjenim
problemom. V tem primeru so robovi urejeni kot
vozliséa grafa in medsebojno povezani skozi grafe.

Druge skupne znadéilnosti, ki so izluiéene iz
predmeta, so robovi, ploiéata podrodja itn.
Zaznavanje roba je zelo pomemben korak v niZji
stopnji obravnave slike in je uporabno pri meritvah
razdalje od prepreke. V [38] je predlagan nov
postopek, ki obljublja mnogo hitrejie zmoZnosti
zaznavanja robov, kakor to omogotajo predhodno
znani detektorji robov.

Weliko razliénih postopkov in metod je bilo
razvitih ali pa so bili obravnavani na podroéju
Zaznavanja in prepoznavanja predmeta v preteklih
desetletjih. Dokaj temeljit pregled opravljencga
predhodnega raziskovalnega dela po avtorjih je
obravnavan v [30] in [42]. Avtorji obravnavajo
probleme prepoznavanija, metodologije in algoritme kot
npr. zahtevnost oblike predmeta, velikost podatkovne
baze modela predmeta, uéenje, individualne in
generiéne kalegorije predmetov, upogljivost predmetov,
zasentenje in odvisnost od tocke pogleda na predmet,
predstavitve predmeta in prepoznavne strategije
(zarnavala za zbiranje slik, modeli, strategije ujemnanja)
in prepoznavanje 3-D predmeta poljubnih oblik.

largely unsolved and is still a very active field
of rescarch,

The data about assembly parts is usually
obtained with a CCD camera, giving intensity
data or by laser line scanning, which gives a
range or depth map. From this data, features
have to be extracted for object recognition,
which involves the matching of image features
from either range or intensity data, against a
previous internal representation of the object (a
model).

Certain features like curvatures are
independent of the view point for the object.
After inspection of the respective signs of an
object’s curvature using different approaches,
it is possible to define the local surface area as
being one of cight fundamental primitive types:
peak, pit, ndge, valley, saddle ridge, saddle
valley, minimal and flat. Different algorithms
have been proposed to extract the curvatures
from an object [43, 44, 45]. The difficulty of
these approaches is that extracted curvatures
are very dependent on the selected starting
points and the order of the edge linking. Some
other approaches [46] propose dynamic
programming and relaxation to aveid such
problems. In this case the edges are organized
as nodes of a graph and linked to each other
through graphs.

Other common features that are extracted
from objects are edges, planar regions, etc. Edge
detection is a very important step in low-level image
processing and can be used in a measurement of a
distance from the obstacle. In [38] a new approach
is proposed, which promises much faster edge-
detection capabilities than previously known edge
detectors can provide.

Many different approaches and methods
have been developed or tackled in the field of
object detection and recognition by different
researchers in recent years. A detailed survey of
previous work has been treated by [30] and [42].
The authors discuss the recognition problems,
methodologies and algorithms like object-shape
complexity, the size of the object model database,
leaming, individual and generic object categories,
the non-rigidity of objects, occlusion and
viewpoint-dependency, object representations and
recognition strategies (image sensors, models,
matching strategies) and 3-D free-form object
recognition.
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Pomembno  podrodje  raziskovanja
prepoznavanja predmetov predstavljajo uéno/
prilagodljivi algoritmi. Ena izmed glavnih prednosti
sistema uenja je zmoinost uenja oz. izluiéenja
uporabnih mnadilnost iz podatkov za urjenje oz, ulenje
in uporaba teh znadilnosti v okviru testnih podatkov.
Mekateri aviorji [37] uporabljajo verjetmo priblizno
pravilni model za svoje strategije ufenja. Avtorji v
teh raziskavah izmerijo uspeh relativno glede na
porazdelitev opazovanih predmetov brez priveema
porazdelitve. Drugi avtorji [36] modelirajo pojav
predmeta z uporabo vel razliénih pogledov na
predmet, vkljuéno s stopnjo ulenja in utrjevanja
znanja, v kateri se sistern uéi izlusCiti znadilke modela
5 slik za ufenje sistema in s pomodjo tega prepozna
predmet. Model uporablja verjetnosine porazdelitve
za karaklerizacijo pomena, lege, meritve razliénih
diskretnih znailnosti pojava predmeta in tudi opisuje
topoloske povezave med znadilnostmi predmeta.
Postopek ujemanja znadilnosti, ki kombinira lastnosti
tako iterativne vrste kakor tudi ujemanja grafov,
uporablja informacijo nedolonosti znadilnost, ki jo
zapide model in tako usmerja ujemanje med modelom
in sliko.

WV zadnjih 25 letih, od leta 1980, so nevronski
in genetski primeri za uéenje (nevronske mrefe,
genetski vzorei in genetsko programiranje)
pritegnili pozornost kot zelo obetajode metode za
refevanje aviomatskega prepoznavanja tarie oz.
predmeta in zarnavanje problema. Predvsem
ponujajo nevronski in genetski sistemi potencialno
moéne zmo#nosti za uéenje ter prilagoditve in so
zato zelo primerni za aviomatsko prepoznavanje
predmetov v dejanskem &asu ([23] in [47]).

Vendar na sploino velja, da trenutno
razpoloZljivi sistemi ratunalnitkega vida e vedno
niso tako prilagodljivi in splodni kakor bioloski
sisterni. Uspeini trimi sistemi ratunalnidkega vida
s obiajno prilagojeni in oblikovani za redevanje
dobro definiranih in/ali specifiénih nalog. Za
resevanje problemov zaznavanja kombinirajo
raunalniiki sistemi vida pogosto raznovrstne
obidajne strategije ali uporabljajo celo strategije,
ki 50 bile razvite individualno za posebne uporabe
([48] do [50]).

V proizvodnem postopku robotizirane
montate se zelo pogoste pojavlja potreba po
prijemanju in upravljanju zahtevnih predmetov.
Vetina sistemov robotskega vida terja celotno
pomavanje tako oblike kakor lege sestavnih delov.
Zaradi dejstva, da so sistemi strojnega vida obi¢ajno

A very important field of research in object
recognition is represented by the area of learing/
adaptive algorithms. One of the major advantages
of a leaming system is the ability to leam/extract
the useful features from the training data set and to
apply these features to the test data. Some authors
[37] use a PAC (Probably Approximately Correct)
madel for their leaming strategies. In this research
the authors quantify success relative to the
distribution of the observed objects, without making
assumptions on the distribution. In [36] authors
model the appearance of an object using multiple
views, including a training stage in which the
system learns to extract the models’ characteristics
from training images and recognizes objects with
it. The model uses probability distributions to
characterize the significance, position, intrinsic
measurements of various discrete features of
appearance and also describes topological relations
among the features. A matching procedure,
combining qualities of both iterative alignment and
graph maiching, uses featurevunce!;tainty
information recorded by the model to guide the
search for a match between the model and the
image.

In recent 25 years, since the late 1980s,
neural and genctic learning paradigms (neural
networks, genetic paradigms and genetie
programming) have attracted attention as very
promising methods for solving automatic target
recognition and detection problems. In particular,
neural and genetic systems offer potentially
powerful leaming and adaptive abilitics and are
very suitable for automatic object recognition in
real time ([23] and [47]).

In general, the currently available
computer-vision systems for object recognition are
still not as adaptive and universal as biological
systems. Successful commercial systems for
computer vision are usually designed to solve well-
defined and/or specific tasks. For solving tasks
computer-vision systems often combine multiple
standard strategies or even apply strategies thal
have been developed individually for a specific
application ([48] to [50]).

In robot-based-assembly production
processes, there is very often a need for the grasping
and manipulating of complex objects. Most robot-
vision systems require a complete knowledge of
both the shape and the position of the assembly
parts. Due to the fact that vision systems are often
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posebej prilagojeni individualnim 2-D oblikam in
natinom dodajanja sestavnih delov v montadni sistem,
zahteva sprememba sestavnega dela obidajno tudi
tasovno potratno prilagoditev celotnega sistema. To
je lahko strofkovni problem predvsem pri majhnih
serijah. Glede na predhodno omenjene poglede,
obstaja v praksi potreba po uéinkovitih robotih 2
naprednimi zmogljivostmi strojnega vida, ki bi
omogoéali prepoznavanje zahtevnih in nakljuéno
organiziranih oz, pozicioniranih sestavnih delih, ki
leZijo na prenosnem traku ali pa v zaboju in o katerih
jeznanega #elo malo ali pa ni znanih celo nié podatkov
o legi in geometrijski obliki delov, Predvsem zaradi
problemov nsenfenjac oz. prekrivanja robov e vedno
ni reden Li problem pobiranja nakljuéno izbranih
3-D sestavnih delov iz zaboja.

Mnogi raziskovalci se ubadajo s tem
temeljnim problemom, ki pomeni eno od preostalih
preprek za SirSe uvajanje sistemov strojnega vida v
robotizirano montazo. V iskanju primeme reditve so
uporabljene predhodno opisane metodologije in
algoritmi za zaznavanje in prepoznavanje predmetov.
V nekaterih raziskavah ([51] in [532]) so bili
uporabljeni skupinski podatki o predmetu za
rekonstrukcijo predmeta z uporabo nadkvadri¢nih
predstavitev in dekompozicijskih dreves. Temelje¢
na laserskih bralnikih za zaznavanje 3-D predmeta
s0 bili uporabljeni postopki, ki temeljijo na modelu
objekta v kombinaciji s RPN modelom ([19] in [53])
ali znadilnostmi harmoniénih oblik ([27] in [28]), ki
50 nespremenljivi glede na premik, merilo in 3-D
zavrtitev. V' nekaj raziskavah je bil uporabljen tudi
sistem stereovida skupaj z naborom dveh nevronskih
mreZ (ki sta nato primerjani med seboj), in sicer
mreia polmerske osnovne funkeije in prema mreza
[54]. Iz tega je predlagan algoritem za razélenjevanije
delno zakritih predmetov v zaboju in lokalizacijo
vrhnjih predmetov. Eksperimentalni rezultati so
pokazali, da bi lahko bil predlagani algoritem
primeren za mnoge uporabe pobiranja sestavnih
delov iz zabojev, ée je osvetljevanju predmetov
namenjena poschna pozomost.

Rezultati zgoraj omenjenih raziskav na
podrodju pobiranja sestavnih delov iz zabojev so
zelo obetajodi, vendar so raziskave $e vedno bolj
ali manj v raziskovalni fazi. Kljub temu, da
prijemanje $e vedno ni optimalno in za nekatere
predmete celo neizvedljivo, kaZejo vsi prispevki
1zboljiano natanénost in uéinkovitost pri pobiranju
sestavnih delov iz zabojev in pri sortiranju.

specifically adapted to the individual 2D-shapes and
the individual way the parts are fed to the system, a
change of the produced parts usually requires a
time-consuming adaptation of the overall system.
This could represent a cost problem, especially for
small series. With respect to the above-mentioned
aspects, there is a need for efficient robots with
advanced machine-vision capabilities that allow the
recognition of complex, and randomly organized
parts, lying on a conveyor belt or in a bin, with
little or no prior knowledge about the pose and the
geometry of the parts. In particular, the so-called
bin-picking problem - the picking of randomly
organized 3-D parts in a bin - has not vet been solved
in general, primarily due to severe occlusion
problems.

Many researchers are dealing with this
basic problem, which represents one of the
remaining obstacles to the widespread introduction
of vision systems to robot-based assembly. In
searching for appropriate solutions, the above-
mentioned methodologies and algorithms for
object detection and recognition are applied. In
([51] and [52]) range maps have been applied for
the reconstruction of objects using super quadric
representations and decomposition trees. Based on
laser scanners for 3-D object detection a model-
based approach in combination with CAD models
([19] and [53]) or Harmonic Shape Context
features ([27] and [28]), which are invaniant to
translation, scale and 3-D rotation, have been
applied. Also, some research has been done on
applying stereo vision together with a set of two
neural networks (which are then compared with
each other), i.e., the Radial Basis Function nets
and the Simple Feedforward nets [54]. An
algorithm for the segmentation of partially
occluded bin objects and the location of the
topmost object is proposed. The experimental
results have shown that the proposed algorithm
might be appropriate for many bin-picking
applications if special attention is paid to the
lighting situation.

The results of the above-mentioned
research in bin picking are very promising, but
the research is still more or less in the research
stage. Even though grasping is not optimal, and
for some objects not feasible, all contributions
show an improved accuracy and efficiency in bin
picking and sorting.

®T0 Herakovié N.
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3 SKLEPI

Uporaba rafunalnitkega in strojnega vida v
robotiziranem montaZnem postopku pomeni hkrati
velik potencial in izzive tako za raziskave kakor
tudi za industrijske uporabe, kar je razvidno iz
mnogih raziskav, povzetih v tem prispevku. 2
lahkoto je mogoce zaznati, da bodo naslednje
generacije montazne tehnologije vkljuéevale
vsestranske sisteme strojnega vida z visoko stopnjo
prilagodljivosti in robustnosti,

Prispevek podaja kratek pregled najnovejsih
raziskovalnih naporov na podrodju strojnega vida
in montaznih postopkov. Obravnavani so razliéni
postopki in tematika, ki zadeva montaZo,
robotizirano montaZo, strojni vid prepoznavanje
predmetov, vkljuéno s t.i. pobiranjem sestavnih
delov 1z zabojev.

3 CONCLUSION

The application of computer- and machine-
vision in robot assembly processes provides
immense potential and challenges at the same time.
This is true for both research and industrial
applications, as can be seen by the recent
developments summarised in this paper. It can
easily be perceived that the next generation of
assembly technology will include versatile
machine-vision systems with a high level of
versatility and robustness.

The paper provides a brief overview of the
most recent rescarch efforts in the area of machine
vision in assembly processes. Various approaches
and issues relating to assembly, robot assembly,
machine vision and object recognition including the
bin-picking problem are addressed.
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