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Abstract        

Minimal invasive surgery is a procedure that uses ports varying in size from 5 mm to 12 mm, throughout the abdomen for accessing the internal organs. Advantages include lesser pain, less scarring and hence faster post-operative recovery. At the same time MIS requires a lot of new skills to be acquired by the surgeon. The various methods of gaining practice include using animal model and cadavers and more recently simulators. Expert surgeons have conventionally assessed surgical skills subjectively. With the advent of MIS it has become possible for us to gather a wealth of data in relation to the surgery being performed. This data obtained from expert surgeons and from inexperienced surgeons can in turn be used as input for various mathematical models that can objectively quantify of skills of residents in relation to the expert surgeon.

A hidden Markov model (HMM) is a collection of finite states connected by transitions. Each state is characterized by two sets of probabilities: a transition probability and a discrete output probability distribution or continuous output probability density function which defines the condition probability of emitting each output symbol from a finite alphabet or a continuous random vector given the state. This has been extensively used in speech recognition with great success. The advantage lies in the simplicity of the model and its inherent ability to represent time in the observation sequences so that observations with different time length could be easily compared or used for training. Using an HMM for gesture recognition is advantageous because it is analogous to human performance which is a doubly stochastic process, involving a hidden immeasurable human mental state and a measurable, observable human action. 

The possibility of using HMM in gesture characterization and recognition provides us with a useful tool for comparing the tasks performed by the residents with that of the expert surgeon to get an objective assessment of the acquisition of surgical skills. Moreover it can be extended to other applications like extracting the best performance of a surgeon for automation and in tele-surgery.

We have successfully utilized the HMM for differentiating the surgical skill of expert and an inexpert surgeon in the context of a laparoscopic intra-corporeal knot tying task.

