Single port access surgery is a common minimally Invasive Surgery technique, which uses a single small incision or a natural orifice in human anatomy to insert surgical instruments and laparoscopic cameras. Shared usage of a standard trocar endoscope camera and surgical instruments through a single incision reduces dexterity in both dexterity of surgical instruments and the field of views of laparoscopic cameras. A magnetic driven wireless camera is designed to overcome this conflict. Due to the unique nonlinear and time-dependent behavior of soft tissues under manipulations, an appropriate modeling of the interaction between the wireless camera capsule and abdominal tissues is essential for camera robot precise control. In this poster, we discuss an analytical model which is developed for the contact phenomena of a rigid cylinder capsule and viscoelastic tissue based on Kelvin-Voigt model. The model considers membrane tension forces, peritoneal fluid shear stress and deflected tissue pressure to derive Equations of motion for both translation and tilt rotation of camera capsule. The model is simulated analytically in MATLAB software. A Finite Element Analysis is conducted in order to simulate the interaction. Defining an accurate friction model at the contact point is the challenging part of simulation. 

The Interaction Model Development and Simulation of Wireless Laparoscopic Camera and Abdominal Wall Tissue

Interaction Viscoelastic Model

The interaction is modeled by considering the membrane tension, Friction, and uneven contact during traverse of camera robot. the trailing edge (aft) loses contact with the capsule more quickly than in the elastic case due to the viscoelastic nature of the model (i.e. 𝜑 𝐹 > |𝜑 𝐴 |). 
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 1 Fig. 1. (a) Conceptual illustration of the wireless capsule robot., (b) Single port invasive surgery with wireless camera Advantages: ✓ Unified design for anchoring, navigating, and rotating of a fully insertable camera by externally generated rotational magnetic field ✓ No Suturing ✓ No Internal Motors and wire Conflicts ✓ Steady image + Different view angles ✓ Better Surgical instruments dexterity ❖Drawbacks: ✓ Designing regardless of soft tissue mechanical properties ❖ Solution: Considering the Interaction to study the camera robot dynamics
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 62 Fig. 6. finite element model simulated in order to study the contact
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 34 Figure 4. Horizontal Forces Acting on capsule