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Abstract
The paper is devoted to the design and development of gesture interface for use in surgery applications. The approaches to the  gesture recognition  for real use in angiographic systems are considered. The model of the angiographic systems,  control techniques, gesture language for control, as well as their realizations are described. Possibilities of  further development are discussed. 
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Introduction
The paper is devoted to the design and development of gesture interface for using during surgery  intervention and angiographic examinations. Large langiographic systems  are equipped with controls that the surgeon use via  special sterile overlays. However mechanized angiographic C-ARM systems usually lack for remote controls. And so the assistant is required to help in the innervation process. In this paper we attempt to use the system of gesture interface in a case when the surgeon's hands are being in a sterile area for remote control of angiographic equipment. Such control system would help to get rid of the assistant and would allow to get control the system from the surgeon directly.
Related works

There are the wide range of researches and developments devoted to problems of the gesture recognition since 80-th of XX century. Now much attention is paid to gesture recognition for medicine applications. In [1-4] the very interesting approaches to gesture recognition for the control of surgery equipment are described. The realization of such control is depended upon supporting of sterility during surgical manipulations. The examples of gestures describing in [1-4] are connected with manipulations of images on screen display. Our purpose is to support the specialized gesture interaction for control of angiographic systems. In this connection we need particular requirements to the system of gestures for surgical operations.
Model
The model angiographic system is considered as a tube which is capable of rotation in two directions and the movement up or down to the plane of the table. The tube is modeled as a cylinder moving relative to the plane which is the angiographic table (Pic. 1).

The tube has the following degrees of freedom (Pic. 2):

- The tube can move up and down to the plane of the table

- The tube can be rotated in two directions

- The tube has two states: on and off X-rays (indicated by color).
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System of control

For the different conditions, the different systems is most convenient for systems of control. So several control types were implemented, with the ability to switch, if necessary, at the most appropriate mode at the moment.
Digital-mode control system
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In this mode the virtual non-contact touch screen is created, which displays a numeric keypad (or full keyboard), which is used to specify the offset angle in degrees and the distance to the table in metric units.
Free-mode control system
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In this mode, the control of tube is using gestures in a free mode in a real time. For convenience, two way were implemented.

1. In the first way the following system of gestures is implemented:

- Move hand to the left / right: rotate tube in frontal plane anticlockwise / clockwise (Pic. 7, 8).

- Move hand to the forward / reverse: rotate tube in sagittal plane anticlockwise / clockwise (Pic. 9, 10).

- Move hand up / down: tube move up / down to the table plane (Pic. 11, 12).
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Also this gestures commands are modified by (see State section):


- hand postures (Pic. 13, 14):



Close hand: start interaction;



Open hand: finish interaction;
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- manipulation area (Pic. 15, 16): gesture analyzed only in the specified area in space.
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2. In second way scaling factor of scene is selected and the end of the tube is attached to the position of the hand in space considering the scale (Pic. 17, 18, 19).
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Depth-map based gesture recognition
We distinguish three basic concepts: the activation, tracking, and state.

The activation is a special gesture, posture or position of the operator in the space, which allow the objects are be captured in program (most often, but not necessarily, it is the operator's hand) as a three-dimensional cursor. The tracking - is the phase of the algorithm, when three-dimensional trajectory and position of objects is analysis of depending on their changing state.
System Implementation

Activation
There are different approaches to activate and capture the object in focus. However in any cases efforts of system operators should be not too much. These efforts should  not make high demands on precision, psychological and physical stress. It is also necessary to avoid accidental actuation.

The three different approaches were implemented:

1. Characteristic gesture.
The scene is continuously analyzed and three-dimensional motion vector field and optical flow is calculated for search of simplest gestures, like as "back and forth," "left-right" and "up and down”. The object that performs these motion is captured in the focus.


2. “Touch” the virtual object.
In this case, an any object, trapped in a neighborhood of a virtual “target”, is captured in the focus. Variety geometric primitives in space, such as point, area, length, line or plane may be used as a “target” object. In the case the plane is used as “target”, a virtual non-contact touch screen is directly obtained.


3. Manipulative area. 

Some spatial area was allocated, within which any object will be handled, and beyond which any activity will be ignored.
Tracking
The capturing object appears as a point in the system. At the stage of tracking three-dimensional coordinates of the object in focus are recalculated. For this purpose the problem of the scene segmentation presented in the form of three-dimensional cloud of points  is solved and new coordinates of the tracked object are calculated with using the matrix of proximity. Also at this stage, the noises are filtered. As high-pass filters the linear filter with infinite memory, and three-dimensional version of the discrete Kalman filter are implemented ([5],[6],[7], [8]). Next the current point is adding into the corresponding trajectory`s memory stack. Stacks are analyzed depending on the state of modifier points to preselected depth for gesture recognition and implementation of events described by the user logic, such as response to the appropriate gestures or generate the control signal. 
State
State is a special modifier, attached to an each tracked point. It is affects to the interpretation of recognizable gestures. Thus a state modifier is enhancing the convenience and flexibility of the interface. It can be specified as:

- specific gestures (for example, the same gestures that are used to activate or it may be more complex trajectories, defined by the user),

- positions in space (for example, the gestures and trajectories are analysed of only within the manipulative space and are tracked without analysis outside (Pic. 20, 21) or emulation of pressing and releasing the mouse button when touching the virtual non-contact touch screen),
 SHAPE 


  SHAPE 



- recognition of specific hand postures (for example, the respective object is captured when the hand is closed and released, when the hand is open (Pic. 13, 14) or posture is being some equivalent of symbols of sign language (like in Pic. 22)).
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Hardware interfaces, methods and algorithms

The designed gesture-based interface system was written on C++ with using computer vision library OpenCV
. The main feature of the system is to capture and recognition of the operator`s gestures in three-dimensional space, which becomes possible by analyzing the scene depth maps obtained from the depth sensors. At the moment, the system uses the driver OpenNI
, which allow the use of such sensors as a Microsoft Kinect
, PrimeSensor
 and Asus XTion
, but the system architecture is designed so that the sensor can be replaced by any other. For example, when necessary, it is possible to connect the various hardware sensors such as stereo cameras, 3D scanners, or time-of-flight cameras that provide a depth map.
Discussion and perspectives
The proposed model of angiographic system control allows to research the applicability of gestures control. The applicability of the gestures as a method of contactless angiographic equipment control is shown. The simple gesture language is designed, which allows the system operator to carry out manipulations similar to manipulation that the operator “angiografist” need to do in the operating room. 

In addition to the angiographic equipment, contactless work with the screen can afford to control other equipment installed in the operating room such as monitors, electrophysiological systems and the nonfluoroscopic heart mapping systems.

In the future, this research is planned to create full three-dimensional model which allows to directly manipulate a variety of equipment using hand movements at great distances. It is allow to use the system gestures control to various robotic systems for remote control operations.
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�Pic. � SEQ "Pic." \*Arabic �1�: Model angiographic system was considering like a tube which is capable of rotation and the movement up or down.





�Pic. � SEQ "Pic." \*Arabic �2�: Tube`s degree of freedom





�Pic. � SEQ "Pic." \*Arabic �3�: Interaction with virtual non-contact touch screen in 3D space
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�Pic. � SEQ "Pic." \*Arabic �14�: Open hand





�Pic. � SEQ "Pic." \*Arabic �15�: The hand in the area is analyzed





�Pic. � SEQ "Pic." \*Arabic �16� The hand outside the area is not analyzed
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�Pic. � SEQ "Pic." \*Arabic �21�: Hand outside the area
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�Pic. � SEQ "Pic." \*Arabic �22�: "Victory" pose
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�	 opencv.willowgarage.com


�	 www.openni.org


�	 www.xbox.com/Kinect


�	 www.primesense.com


�	 www.asus.com/Multimedia/Motion_Sensor/Xtion_PRO
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