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Despite significant recent advancements in the
development of continuum robots (CRs), control of CRs
still poses several challenges due to their limited actuation
channels, hyper-flexibility of their structure, and nonlinear
models. CRs are typically employed in confined spaces
such as organ cavities or vessels inside human bodies
where usual sensory modules are not compatible with or
due to the associated uncertainties, usual position and
force sensors are not safe to be integrated into the system.
However, such working areas are mostly equipped with
imaging modules that make direct end-point control using
imaging modules of promising control strategies for such
environments. In this paper, we have developed two
controllers, one to control a single CR in large
displacements and another one to control a cooperative
set of CRs (CCRs) for cooperation tasks between multiple
CRs. A CCR configuration would be formed by attachment
of a Supportive-CR to an Operative-CR. Thus, a push from
the SCR will help OCR reaches a target point outside the
reachable space of the OCR. We have experimentally
proved the efficiency of the controllers for a single CR. To
control a single-CR, a visual predictive controller is
developed. To control the CCR configuration, we have
introduced a new efficient switching controller appropriate
for robots with computationally expensive models.

 VPC performance in the presence of constraints is 
superior to that of IBVS, and in absence of constraints, 
IBVS provides smoother trajectories while VPC provides 
quicker convergence time.

 In higher prediction horizons, accurate estimation of 
depth would have a more significant effect on the error 
deduction.

 Robustness of both controllers to the noise of system and 
associated model uncertainties.

 Comparing IBVS, SND-IBVS, and the proposed switching 
approach for control of CCR with numerically expensive 
Jacobian, switching approach worked well (i.e., smoother 
trajectories and quicker convergence) .
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Key Points
 First model-based VPC method for image-based 

positioning of CRs.

 Modeling of full-kinematics and Jacobian derivation of a 
set of CCR based on a combination of DH-based and 
Cosserat rod theory kinematics. The model allows for 
simultaneous actuation of the involved CRs. 

 Extensive robustness analysis, control performance in 
the presence of constraints, and its robustness to the 
modeling uncertainty, set-up performance error, and 
noise of the sensory module.

 Introducing scaled and non-dimensional (SND) image 
based visual servoing (IBVS), and a “standard- and 
SND- IBVS switching approach” to control robotics 
systems with numerical Jacobians.   

 Experimental verification of the proposed VPC in 3-D for 
a single-CR.

Operative-supportive CCR used in this study.

Experimental Investigation
To verify the developed control law, the second generation 
of our robotic system for catheter control, Althea II, was 
used. 

Frame 1 shows the initial position of the catheter, and the four colorful dots 
on the right side of the image show the desired positions of the features. 
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VPC performance in the presence of imaging noise and model uncertainties 

The coupled effect of depth estimation and prediction horizon
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Comparing performance of IBVS, SND-IBVS, and switching method


