
 

 

 

Abstract — With the aim of improving the safety and 

applicability of percutaneous needle insertions, a novel 

biologically inspired system is currently being developed at 

Imperial College London. The needle is able to follow 

curvilinear trajectories in a compliant medium and employs 

the reciprocal motion of a number of interlocked segments 

during the insertion process in order to reduce tissue 

migration and damage. This paper introduces some of the key 

breakthroughs in this system including three-dimensional (3D) 

closed-loop control and advanced needle-tissue interaction 

modeling. Functional prototypes of the needle have been tested 

in vitro using gelatin phantoms, as well as through extensive 

simulations. 

I. INTRODUCTION 

The STING is being developed within the Mechatronics in 

Medicine Laboratory at Imperial College London. It 

consists of multiple axially interlocked segments that are 

actuated independently. The needle is inserted into a soft 

tissue phantom and is controlled using feedback from 

electromagnetic tracking sensors embedded in the needle tip, 

see Fig. 1. Using novel control strategies and path planning 

algorithms, the needle is able to be steered accurately in 3D. 

Advanced models of the loading scenarios at the 

needle-tissue interface are used for design optimization and 

to investigate the relationship between needle insertion and 

tissue trauma. 

II. CONTROL 

By creating variable axial offsets between the segments, we 

have shown that the needle is able to steer along paths of 

varying curvature [1]. A 3D kinematic model of the needle 

has also been developed, taking inspiration from the model 

of an UAV system with additional holonomic constraints [2]. 

A high level nonlinear controller based on the chained form 

representation is applied. It creates the inputs as velocity 

projections for a low level optimal controller. The latter 

then defines the movement of the segments which are 

necessary to track a 3D trajectory.  

III. NEEDLE-TISSUE INTERACTION MODELING 

For the further miniaturization of the needle, a design 

optimization procedure has been developed to achieve 

functional prototypes with an outer diameter of a few 

millimeters. The complex cross section of the needle is 

modeled using finite elements to investigate loads and 

interactions between the segments due to paths taken inside 

soft tissue. A multiobjective optimization algorithm finds 
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the optimal needle shapes with respect to the objectives that 

result from different steering scenarios. These are then used 

to design and manufacture better performing needles [3]. 

 

Figure 1.  Overall software architecture of the STING 

By alternating the actuation of individual segments, we have 

also shown that needle insertion can result in less strain in 

the surrounding material [4]. A detailed understanding of 

needle-tissue interactions is achieved by obtaining high 

resolution data with digital image correlation. By 

illuminating particles in a laser light sheet, deformations 

inside a soft tissue phantom can be measured at a resolution 

of 0.5 mm around the needle. This allows the observation of 

pushing, separation and relaxation of the substrate which 

can be linked to tissue damage. 

IV. CONCLUSION 

The potential of STING is to steer safely in soft tissue while 

penetrating the substrate with reduced impact compared to a 

conventional needle. Here, we have shown the different 

aspects of finding an optimized needle design and reliably 

controlling the tip in 3D space. Additionally, we have 

measured features of the complex needle-tissue interactions 

with a view to demonstrating reduced tissue strain as a result 

of a reciprocal insertion strategy. All of these areas of 

research have great potential for the improvement of 

minimally invasive surgical devices in general and will lead 

to a functional STING prototype suitable for in vivo use. 

REFERENCES 

[1] C. Burrows, R. Secoli, F. Rodriguez y Baena, Experimental 

Characterisation of a Biologically Inspired 3D Steering Needle, 

ICCAS, 2013 13th International Conference, Korea 

[2] R. Secoli, F. Rodriguez y Baena, 3D Motion Modeling and Control 

of a Steerable Needle for Soft Tissue Surgery, IEEE ICRA 2013, 

Karlsruhe Germany 

[3] A. Leibinger, M. J. Oldfield, F. Rodriguez Y Baena, Multiobjective 

Design Optimization for a Steerable Needle for Soft Tissue Surgery, 

ICBME, 2013, Singapore 

[4] M.J. Oldfield, C. Burrows, J. Kerl, L. Frasson, T. Parittotokkaporn, F. 

Beyrau, F. Rodriguez y Baena, Highly resolved strain imaging 

during needle insertion: Results with a novel biologically inspired 

device, Journal of the Mechanical Behavior of Biomedical Materials 

(2013), http://dx.doi.org/10.1016/j.jmbbm.2013.10.016 

STING – A Soft Tissue Intervention and Neurosurgical Guide 

A. Leibinger, C. Burrows, F. Liu, M. J. Oldfield, R. Secoli and F. Rodriguez y Baena 


