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Abstract

This thesis primarily explores the Image-Based Visual Servoing (IBVS) techniques
and their applications in robotic control, emphasizing the need to address significant
challenges. IBVS operates by continually assessing the positions of feature points
within images, comparing them to their desired locations, and iteratively adjusting
control laws until the error state converges to zero, signifying stability. However,
this approach is not without its concerns. One such concern stems from the assump-
tion that feature vectors remain perpetually visible in each camera frame, presuming
that objects of interest remain within the camera’s field of view (FoV). The practi-
cal scenario, where features move out of the FoV as robots progress towards their
goals, is termed the visibility or FoV problem. Addressing this challenge is pivotal
for the effectiveness of vision-based control systems. Furthermore, ensuring that
control energy adheres to defined robot saturation limits while accommodating FoV
constraints is imperative. This necessitates simultaneous consideration of FoV and
input constraints in the design of IBVS control laws. Another important concern
centers around the accuracy of depth estimates, which directly impact the image
interaction matrix used in the IBVS control law. Inaccurate estimates can severely
compromise control performance. Another critical issue is that IBVS predominantly
employs kinematic controllers, which disregard dynamic effects from both robot and
camera dynamics. These controllers assume instantaneous velocity attainment, but
real-world scenarios demand dynamic modeling and control to handle uncertain-
ties effectively. In situations where dynamic controllers are employed, numerical
approximations are often used to estimate velocities from position measurements,
introducing a delay into the system. A comprehensive understanding of delay-based
analysis is crucial for understanding the behavior of such controllers. These chal-
lenges and considerations underpin the objectives of this thesis, aiming to maximize
the potential of IBVS in robotic control applications. Inspired by human capabil-
ities, this research advocates leveraging visual information from cameras to foster
cooperative behaviors among robots. An application is presented in the form of
leader-follower formation control. Through theoretical exploration and simulations,
this research advances our comprehension of IBVS, offering practical solutions to its
challenges while opening new avenues for exploiting visual information in real-world

robotic control environments.
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L3 114

gg MY Uy H& U 9 Bf-34TRd 323 Galsim (IBVS) dehrilehl 3R 3-7eh Aaifeeh Rz
o SV Rl SI=AYUT hedT 8, HEAYUl FAIa] el TS S chl STAFRdT TR SR &l
g1 IBVS afaal & o thier fogsi Fi AR 1 aar geich ach, I8 S-1ch! difed
fRaferat @ Jor1 e, 3R =1 ATt t da deh THRISI ek hTH dT 8 ST deh foh
Ffe R = R srfHaRa 7 8 Sg, St fRA=aT o1 deohd &aT1 81 gTeifen, I8 gieahioT sr=
feiaratt o fomr 781 &1 Tt ep T 39 yRon & 3= gl & fob hieR daer udeh et thA
H TR A 8d &, T8 A gy foh 3 i aeqd iR & 3= & (FoV) & HiaR gt
¢ | SggIen URged, STgi thIeR 370+ F&dl hl 3R I+ & I1Y JAdIe] & 5T & & T
Tl ST &, <hl 3T AT FoV HHTT gl ST g1 39 Al hl FHTY gfR-amarRa A
goTTferd ehl gTafierdr & folg Ageayqul 81 §8eh 3retran, FoV HtATA eht GHTANST ehd g4
fAd=ror S5t at aRTid Jeite dqfea Hiarseit @ urem gfga s siffard 81 ag IBVS
fAd=or gt & f2Smes # Fov iR gAqe amensit & ek a1y faarR & &l siraaehdr ¢
Qeh 310 HgcqqUl T 7808 & AT hl FélehdT & 3¢-f1< goelt 8, St g IBVS fAg=m
fAaw & Iuaht 6 I arelt Bfd kaeq AfgerT st yifad ol @1 Teld srgAEE fAgE
g2 it 1R Tu & y1fad R Tehd €1 Tk 3= Heaqul qe1 ag ¢ fh IBVS g & u 4
FIgHTeeh Maa ol FaifSIa st g, St Adie 3R haxr wfasfterar gt @ wfasfter amat
I TSRSIETST ohd g | T 3Tk dATchiferds AT UTftd AT 8, wifche aredfdes gfHar & uRgsa
SrfAfgaarsti et guTet &1 T GuTem o forg nfasfte Atsfet sk fAd=or i gir a=a g1 i[5
fRafaat # nfafter et et IuaiT fohar sirar g, 3 fRfaat # fRAfT |1g @ a7 @t srgae
T o fIT SRR T=ATcHeh SIATHT T IUAT fohal STdT 8, STt HoTlel! | Ueh &< ot uRaa
&d g1 08 sl o SaagR ot aHE & forg 33-smarika fasqwor dt carges g9t Agayuf
g1 T FAfaaT ok faaR 39 MY Uy & Il ol J@ifchd e €, et ST Aaiifean
=0T SIgUANT # IBVS &t SHTa-131 ohl StfAehdd AT 81 A-a &HdTst 9 URd gz,
g MY Adtel o S TINTIHE TAER ohl IGIAT & o folg HARl & GT SIFhRT Sl AT
IS hl TehTeTd hedT g | AdT-STTHT 7Ta- F30T o U # Top ST Uedd o T g1
dgifae Sraur ofiR el & A1ead €, g e IBVS 6l gARY GHET St 3 JerdT 8,
ghh! FAAAT o AT FHIUT U T 8, Siaich dRdfdes AT & Jeifee A=
aTATERUT | 3T SHRRT oh &l oh -1 Ik Wil 8|

v
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