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Materials and Methods:

A mechanical model is proposed to model the bulk abdominal wall tissue by considering four voigt models. The creep experiments were conducted to find the model parameters. Model is validated through creep test on porcine abdomen tissue to represent the real tissue and then implemented in ABAQUS for finite element analysis of the Camera-tissue interaction. A mathematical model is studied to study camera-abdomen tissue interaction. An experiment setup is designed to derive the mechanical properties of porcine abdominal wall tissue. Interaction Experiments were designed to validated the simulations. These interaction forces are the key element in proper control of camera during a laparoscopy surgery. 

Conclusions:

The camera system we studied, features pan and linear motion, so these motions were simulated in ABAQUS to find the interaction forces. Comparisons show good compliance between simulation and experiment results. These results were validated by linear and pan motion interaction experiments designed over a bulk porcine abdominal wall. This system will provide the required data for stator's control system for each specific patient during surgery. It also prevents the force overload of tissue and can cancel camera fall during the MIS. In our future work, a closed loop control system will be developed to control camera motion during interaction based on the normal and horizontal contact forces. This system will be used for laparoscopy surgery test on alive pigs. 
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 5 Results and Discussion: The results of developed model, simulation and experiments are presented in Fig.1: (a) The magnetic controlled insertable camera in contact with abdominal wall; (b) Mechanical model of abdominal wall tissue by four voigt models, representing different layers of tissue; (c) Mathematical model of interaction between cylindrical camera capsule and tissue; (d) Finite Element Model of interaction for linear and rotational camera motions with different velocities; (e) Experimental setup for linear and rotational motion contact forces study on fresh cut porcine tissue; (f) Interaction forces generated during linear motion with different speeds where Comparison shows very good compliance.

Figure 1 .

 1 Figure 1. The top figures show the concept of magnetic controlled insertable cameras and mechanical modeling of the tissue during interaction. The below figures indicate FEM study of interaction and experimental setup to validate the simulation results. The experiments were conducted on porcine tissue and balance setup, with different speeds and contact forces were measured by force sensor.